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NHTSA HEAVY VEHICLE DRIVER WORKLOAD ASSESSMENT
TASK 1 INTERIM REPORT: TASK ANALYSISDATA & PROTOCOLS REVIEW
to
NHTSA

January 31,1992

1.0. BACKGROUND

[ntroduction

Standard practice in human factors engineering is to conduct atask analysis which describes the
human activities associated with the area of interest. In the present case, the area of interest is heavy
vehicleoperation. Theintent of this project isto develop aworkload assessment protocol with which
to evaluate the effects of high technology in-cab devices on driver performance and highway safety.

Thus, areview of heavy vehicle task analysis data and protocols was conducted. Thisreport contains
the results of that review.

Scope

The scope of this Task 1 effort was to review available task analytic data and protocols pertinent to
heavy vehicles and determine the availability and relevance of this data to the current effort. An
attempt was made to operationally define ‘pertinence’ and ‘relevance’ in termsof criteriato be used
for thisreview. The criteriaused for thisreview areincluded later in this section and later sections
reflect their application as appropriate.

The present review is not, nor was it intended to be, an exhaustive review of workload measurement
and other relevant research. Thiswill be the topic of Task 4. On the other hand, the Battelle staff
began to review documents which bear upon the issue of driver workload induced by driving and
auxiliary tasks and these reviews are included in thisreport. The Task 4 interim report will provide a
more in-depth review of workload measurement in general and driver workload assessment in
particular. More critical analyses will be provided on the methods and measures referred to here. At
this point, none of the techniques of workload measurement have been critically assessed.

The Task 1 review also had to address two issues beyond task analysis per se. One was the
development of safety relevant criteriafor determining the point at which safety may be compromised
for various driving conditions. A second issue was to address risk taking behavior and how it varies
asafunction of workload. These two topics are discussed in separate sections of this report.



Literature Search

An extensive literature search was conducted by NHTSA using search terms for task analysis, driver
models, and driver job and task analysis. Representative terms used in the searches included the
following:

Task Analysis

Job Analysis

JTA

Activity Analysis
Timeline Analysis
Human Abilities

Task and Skill Analysis
Event Description
Event Anaysis

Driver Models

Various vehicle search terms

NTIS, NHTSA's database, Psych Abstracts, and DTIC databases were searched. The returns were
reviewed by Battelle staff and selected references were requested. Most of these references were
provided to Battelle by the NHTSA COTR. Some items were ordered through NTIS, some were
secured through the local library resources in Columbus, Ohio, and some were foreign materials
which were requested by personal |etter faxed to a representative from the organization or country of
interest. Many materials were thus reviewed. Certain sources, though apparently relevant from their
abstracts, proved to be of little use and are not included in thisreport. Some references which were
ordered (or requested) could not be obtained and so are not included in thisreview. Itisaso
possible that some materials will arrive after this report is due and such materials will be incorporated
into subsequent tasks of this project.

Criteriafor Review

This project posed an interesting challenge in that task analysis to support workload protocol
development has never been accomplished, to our knowledge. Therefore, the criteria presented in
Tables 1.1 and 1.2 were devel oped by the project staff in order to provide direction in this regard.
These criteria were reviewed with the NHTSA COTR for completeness and correctness. Project staff
were asked, for each source to be reviewed, to consider these criteria and assess the “ usefulness’ of
the data presented. Here “usefulness’ refersto the degree that a publication presents data which meet
those criteriaused in Tables 1.1 and 1.2, i.e., the degree to which that data can be used later to
develop workload protocolsto evaluate in-cab devices.

Organization of this Report

This Task 1 Interim Report is arranged in sections.  Section 2.0, Task Descriptions and Task
Criticality, provides alisting of the tasks which make up heavy truck driving. They represent verbal
descriptions of the primary activitiesin which the driver engages while on theroad. Thesetasks
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provide the backdrop against which in-cab device interaction will be placed These tasks provide the
starting point for analysis of driver workload and the development of ‘ standard driving tasks useful
for workload assessment protocols.

Section 3.0, Driver Workload Indicators and Models, provides a preliminary look at methods and
measures which have been applied to driver workload. This type of information was sought out
because, in order to develop aworkload assessment protocol, one needs at least a preliminary
appreciation for what driver workloads are (see also Section 7.0). The literature reviewed isonly a
sample but it indicates severa salient points. First, while there are a number of references addressing
car driver workload, there are very, very few which address heavy vehicle driver workload. Second,
avariety of methods have been applied to measure workload and these methods deserve close scrutiny
inTask 4. Third, selected driver models provide some insights into the fine structure of driving
tasks and so may be useful for workload assessment protocol development.

Section 4.0, Safety Relevant Criteria, addresses the issue of what candidate workload measures
address highway safety. This discussion focusses on a selected measures and methods; the strengths
and limitations of each are presented. These methods and measures, together with others not
discussed in this report, will be presented and critically assessed in Task 4.0.

Section 5.0, Risk Taking and Workload, provides areview of the literature on risk taking and
workload. NHTSA has expressed interest in the relationship between these two factors and the
literature reviewed indicates the extent to which such a relationship has been described.

Section 6.0, Workload Assessment Methods and Protocols, reviews the various methods which have
been applied to studies of (car) drivers. It reviews strengths and weaknesses of the various methods,
provides some examples, and indicates the extent to which particular methods may be of use to the
current effort.

Thisreport culminatesin Section 7.0, apreliminary Task Analysis Data Collection Plan for usein
Task 3. The purpose of this plan isto describe a means by which the Battelle project staff will
collect data useful for workload assessment protocol development and verify data culled from the
sources described earlier in thisreport. This plan is subject to review and revision, of course, but it
represents a viable approach to collecting data which will be of help in subsequent phases of this
project.



TABLE 1.1. TASK ANALYSISDATA AND PROTOCOLS REVIEW CRITERIA

Criteria Description Rationale
Data Type: Indicate the kind of data & source provides, e.g., The nature of a source will determine the extent to which
® on-the-road, some other criteria are applicable. For example,
o drivingsimulator, operationalvalidity is likely to be moot for an armchair
o anadyticd model, analysis. Similarly, environmental conditions likely will
« laboratory analoguetodriving, not apply, or will apply only indirectly, to driving
« armchair analysishy task analyst or driver SME. simulator results (unless an advanced simulator or one with
specific environmental simulation capabilities was used).
Task Listing: List, in a table or appendix, the tasks indicated in a source. If This listing is the basis for assessing criticality and gaining
possible, include if a task is a: & better understanding of the driving situation. .
® primary driving task (lane keeping, speed maintenance),
¢ ancillary task (communications, HVAC adjustment), or
« additional driver behsvion (e.g., pouring coffee, lighting
a cigarette).
Specific data on hightechnology deviceinteractionswould be
particularly useful,
Task Structure: Does a source indicate the sequential and simultaneous ordering of The detailed structure of a task may reveal bottlenecks or
subtasks? A diagram should be included if available. sources of conflict with a subsidiary task.
Driver What isthe nature of the driver population used in the source? What | Itisassumed that workload and strategiesfor task
Descriptions: strategies are they reported to exhibit to deal withincreased task completion will be, to at least some extent, afunction of
demands? driver characteristicssuch asage, experience, sex
(perhaps), cognitive style (perhaps), etc.
Timeline To what extent does a source indicate the distribution of tasks over a In addition to criticality, frequency of occurrence of a task
Analysis: haul scenario? may be useful in developing workload assessment
protocols which are tailored for maximum efficiency and
effectiveness or are appropriate to a particular phase of
heavy vehicle operation.
Safety Criticality: To what extent does the source indicate what tasks are critical from a | The SOW/contract indicates a need to *delineate a set of

safety standpoint, i.¢., driving tasks which are not very tolerant of
intrusion. Criticality asa function of driving conditionswill also be
useful. Indicate the means by which criticality was assessed.

safety-critical driving tasks that can be used to assess the
impact of applying new technologies withii heavy
vehicles” (p. 9).

Driver Information

Needs:

To what extent does the source indicate data like the following for
tasks and subtasks: information required, initiating cues,
information format/modality, feedback, terminating cues, feedback
format/modality, decision processes, actions taken/outputs generated.
These fall within the framework of classical task analysis.

The SOW/contract indicates that such data will be
collected as part of Task 3. Competition among
information channels/modalities is of importance for
workload assessment.

Operational
Validity:

Determinethe operational validity of existing task analysisdatausing
Table 1 criteria. Note if source provides empirical, analytical, or
qualitative results based on abstract analysis of the driving tasks.

The SOW/contract statesthat we should determine “the
validity of data for current heavy vehicle configurations
and tasks * (p. 10). Furthermore, it is stated that "these
criteriashall specifically address theissue of changes that
have taken placein the‘typical’ heavy vehicle and/or
driving tasks since the original data was collected...” (p.
11).

Driving
Conditions:

Task workload is assumed to be shaped, at least in part., by the
driving conditionsfor aparticular set of data. Ataminimum, the
sourceshould describethefollowing conditions:

® heavy/light traffic

» divided/undividedroadway
¢ good weather/poor weather
& day/night

The SOW/contract statesthat task analysisdatareportedin
asource will be carried out under the conditions listed
above, at aminimum (p. 11) . Task workload is
modulated, at |east to some extent, by the driving
conditions, asmentioned above.




Criteria

Description

Rationale

Criteriafor
Safety Thresholds:

Towhat extent does a sourceindicate performance or measurement
tolerances beyond which safety is compromised? What isthe
reported rational e behind these  redlines* ? Examplesmay include
alowablelanedrift, minimum timeheadway, maximum visual
glance duration, maximum number of glances per unit time, etc.
Battelle shall suggest a method for determining criteriaand consider
the development of amatrix specifying the criteriafor the various
dependent measuresand driving conditions. Thesecriteriaand their
bases shall be developed in consultation with the COTR andwill be
included in the interim report.

The SOW/contract states that as part of thiseffort, ‘the
contractorsshall develop criteriafor determining the point
at which safety may be compromised for the various
driving conditions being evaluated” (p. 11).

Dataon Driver
Loading
and Usefulness

for Current Effott:

Determine useful ness of existing task analysisdataforuse inthis
effort, i.e., to development a heavy vehicle driver workload
assessmentprotocol.  Ataminimum such task descriptionsand
information should givethefollowing:

« someindication of the attentional (read “ workload” )
demands of thetasks such as* time to complete atask
successfully” ,and

« provideananalytical basisfor determining tbespare
capacity of thedriver (perceptual, cognitive, motor).
Spare capacity isdefined in the contract intermsof TIME
thedriver’ s attention can be taken away from the primary
driving task(s) without compromising safety (for agiven
set of conditions);

At aminimum, it isrecommended that source be reviewed for any
indicationsfrom thefollowing:

visual load: measured by glanceduration, glancefrequency,
etc.

manual load: measured by time the hand is off the wheel,
increasedlanekeeping variability, etc.;

cognitive: measured by commentary driving, secondary task
results, delayed responding, etc;

auditory: measured by number of messages, messagelength,
etc.
pedal load: measured by percent time use of tight foot,

percent time use of |eft foot, etc.\

Anindication of task typewould also be of use. A taxonomy of task
typesisgiven below:

Manual only (tasks performed without visual reference, e.g.,
pressing set or resume on cruise control)

Manual Primarily (vision used to find control, then task performed
without further visual reference, e.g., turning on radio, adjusting
volume, changing fan speed on air conditioner).




Criteria

Description

Rationale

Vii only (tasks that are completely visua, e.g., reading
speedometer, determining current mode of HVAC, determining from
amap display whether vehicleisheaded in correct direction)

Vii Primarily (some manual input requited, e.g., determining the
station frequency on theradio then display isinitialy in time mode,
changing modes and verifying change and then completing the task).
Vii-manud (tasks with interactive visual and manual

demands, e.g., manually tuning aradio to a specific frequency,
operating acellular telephone, making mirror adjustments, zooming
in or out on amap display)

Note that this taxonomy was taken from a paper which emphasized
visual and manual loading. Other task typesare possible (e.g.,
auditory feedback when adjusting radio volume).

The SOW/contract states that “ risk taking behavior’ and
how it varies as afunction of driving condition and
workload is of particular interest to NHTSA” (p. 11).

Risk Taking Does the source indicate any risk taking behavior and how it varies
Behavior: asafunction of driving conditions and workload?
Methodology: Provide a synopsis of what methods were usedin atask analysis. M ethodol ogical approacheswill beimportant in structuring

Thismay, acrossdifferent sources, include methodsfor identifying
tasks, methods for determining safety criticality or workload ratings,
and methods of assessing driver performance.

the Task 3 task analysisdatacollection plan.

Note that we are interested in both driving tasksand in
interactions with high-technology in-cab devices. Itis
unlikely that device task analysesare currently available.




TABLE 1.2. CANDIDATE HEAVY VEHICLE DRIVER
OPERATIONAL/VALIDITY CRITERIA

Candidate Criteria

Changes Over the Last 10-20 Years

Fquipment Criteria

Truck Length

U.S. truck trailers are longer now (48 and 53 feet now vs.
40 and 45 feet 10 years ago).

Truck Width

Trucks are wider now (102" now vs. 96” then).

Truck Engines

Truck engines are more powerful and efficient. The driver
can now sustain higher speeds and use less shifting.

Electronics and

Electromechanical Devices

Electronics and Electromechanical devices are replacing
hydraulic/mechanical control systems of the engine and drive
train.

Environmental ‘Criteria

Traffic

There are many more cars and trucks on the road now.

Construction

Due to the deterioration of the U.S. highway system, there is
more construction now, presenting additional driving hazards.

Speed

Maximum allowable speeds are higher now than during the
oil crisis of the late 70s and early 80s.

~Driver Criteria

Age

Some think that there are two kinds of driver: the young
“ cowboy” risk-taker and the older “ road knight” . Driving

experience and perceptual acuity are age-dependent to some
extent.

Fitness for Duty

Driver performance will be affected by such things as drug
use and fatioue.

Independents

tndependent truckers may be more likely to engage in risky
driving than drivers from larger, more established firms.

Attitudes

Drivers today feel more over-regulated than their counter-
parts of 10 - 20 years ago. Since the 1980 economic dereg-
ulation of the trucking industry, truckers feel they are being
pressured to move alot more freight for less pay due to the
competition.

“Procedural Criteria : -

Just-in-Time Scheduling

Current scheduling and dispatching practices tend to place
more time stress on drivers.




2.0. DRIVING TASKS AND TASK CRITICALITY

[ ntroduction

Task listings are useful for understanding what activities and driver behaviors are involved in heavy
vehicle operation. Literature searches revealed listings of truck driver tasks in only afew sources
which came from Canada, Sweden, and the United States. In addition, there were task analysis
listings for car driving which we believe have relevance to our project objectives. Inreviewing these
sources and preparing the tables to be presented here, it has been our assumption that our concerns
for this project require us to focus on driver tasks in which the vehicleisin motion. Therefore, tasks
have been selected for inclusion here based on that assumption.  Various task listing sources are
presented below.

Rabideau, G., & Young, P. (1973). Identlflcat|on of safety cr|t|cal driving behawors by means
of task analyss(pp 26 - 34). Proceeding IE

Data Type: Formal task analysis. Driving was conceived of as a continuous feedback
skill with some often repeated discrete subtasks treated as procedures.

Task Listing: As part of aresearch program supported by the National Research Council
(Canada), Rabideau and Y oung used traditional task analysisfor anaysis of
the two major driver functions.

1) maintaining appropriate forward motion, and
2) maintaining appropriate path and direction of motion.

Task Structure: None.

Driver: It was mentioned that the analysis included in the report benefitted from in-
house consultation with persons who have had considerable truck driving
experience.

Timeline

Analysis: None.

Driver Information

Needs: See Table 2.1; it contains arich description of the information
requirements associated with maintaining forward motion and path within
posted speed limits, the only two major functions considered. The task
analysis does not explicitly include perceptual, cognitive, or motor
loadings, Nor does it provide any explicit timeline or timing information.

Operational
Validity: Moderate, based on the reference to experienced driver consultants.



Driving
Conditions: Ideal-case conditions for datain Table 2.1 (straight road, no traffic), with
negative, positive, and level road grades.

Criteriafor

Safety Thresholds: Noneprovided.

Usefulness

of Data: Provides details of information requirements for truck driving tasks. May serve
as the ‘basdline’ from which deviationsin driver information needs are noted,

Risk Taking

Behavior: None indicated.

Reviewer: L. Tijerina
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TABLE 2.1 INFORMATION CATEGORIES USED IN THE DRIVING
BEHAVIOUR TASK ANALYSIS (SOURCE: RABIDEAU & YOUNG, 1973).

Category

Example

‘TASK IDENTIFICATION

Maintain required forward motion and path within posted speed.

DISPLAY
Problem

drivetruck at speed limit on straight mad
assume no curves or traffic
assumelevel, positive, and negative roadway grades

Critical StimulusVariables

speedlimit

grade of road (present and approaching)
enginespeedandcharacteristics
loading of vehicle

positionof accelerator pedal

gear inuseand characteristics

camber in road surface
obstaclesonroadway

TimeVaues

steering corrections beforetruck leaves lane (dependent on speed and yaw angle)
other times, e.g., optimum shift points, optimum braking times when over speed
limit, notsafety-critical

DisplayNoise

poor visibility (includessunglare)
unknown speed limit

awkward or heavy boots
“deadband” in steering mechanism

REQUIRED DECISIONS

speed up or slow down now
speed up or slow down soon
move steering wheel

CONTROLS

1) accelerator pedal, 2) brake pedal,
3) clutch pedal, 4) gear selector,
5) steeringwheel

CONTROL ACTIVATION

1) move up or slow down to position yielding desired speed/accel eration
2) push down to produce desired deceleration

3)-4) described in shifting procedure

5) turn in direction to be taken, then straighten out

CONTROL ACMON

1) determined by acceleration/deceleration propertiesof truck for particular gear,
grade and loading
2) rate of deceleration dependent upon (a) grade, (b) speed, (c) vehicleweight,
(d) force on pedal
3) (a) amount of rotation depends on steering ratio of vehicle
(b) force depends on ratio, loading, amount of power assist, road surface,
speed, and tire pressure

FEEDBACK visual and auditory sensations of speed change
Cues speedometerreadingchanges
TimeDelay virtually no time delay to onsets of change
completiontimevarieswith conditions
Criteriaof Response Adequacy adequacy indicated by speedometer reading same as posted limit
also vehicle perceived as centered in own lane
Critical Values CorrectiveActions
stalledengine restatt (procedure)
lockedbrakes rel easepedal pressure
“missed” shift repeat (shifting procedure)

wheelsout of lane

turn steering wheel in smooth motion asrequired to correct lateral position




Category

Example

CHARACTERISTIC ERRORS

“hunting” around speed limit dueto
acceleratorovercorrection

weaving down road due to steering
overcorrection
excessivefrequencies of changein:

(1) acceleration (increasesfuel
consumption)
(2) braking (increaseshbreak wear)
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gr_|_tma|_t_a§ks Waterloo Unlversty of Waterloo

Rabideau, G., & Young, P. (1974).

h_auj_twgkjum'_tﬁhm@m National Research CounC|| of Canada (Mlcroflche No. ED 083
295).

(Note: These two sources provide essentially the same task analytic data).
Data Type: Formal analysis, interviewing of truck driver sample, on-the-road observation.

Task Listing: See Table2.2. Itisparticularly noteworthy that the authorsinitially omitted some
off-road activities from further analysis, presumably because they identified
safety-criticality in only terms of conditions when the vehicle was in motion. The
authors al so adopted an event-based mission approach rather than time- or
distance-based mission approach because of the highly variable driving conditions.
The tasks given in table 2.2 were selected on the basis of the following:

criticality to driving safety
susceptibility to fatigue degradation

predictability or the inverse of the proportion of occurrences that agiven
task is performed on a contingency or emergency basis.

Task Structure:  None.

Driver: A number (unspecified) of professional truck drivers were questioned in structured
interviews.

Timeline

Analysis: None.

Driver Information

Needs: Table 2.1 was aso presented in these two reports.

Operational

Validity: Moderate to high. The authors used the following methods to validate a

preliminary task analysis, the results of which are Table 2.2:

. Structured checklists and interviews. Personal data (age, sex, driving
experience) were collected. Interviews covered 10 topics: genera safe
driving; risk avoidance in unfamiliar situations; other vehicle behaviors;
day versus night driving; visual search technique; critical incident causes,
route pacing; rest stop criteria (timing); mechanical failuresin truck;
vehicle characteristics (subdivided into 6 topics: braking, steering and
handling, transmission and shifting, instrumentation, small controls).
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TABLE 2.2. LISTING OF STANDARD HEAVY VEHICLE TASKS AND SUB-TASKSTO BE
CONSIDERED IN LONG-HAUL TRUCK DRIVING
(SOURCE: RABIDEAU AND YOUNG, 1974).

Task

Subtask

1. Maintain forward vehicle motion within

a) speed limit
b) directional constraints

1.1 Control center-lane tracking
1.2 Adjust vehicle speed

2. Maintain forward vehicle motion within

a) safety limit
b) directional constraints

2.1 Control center-lane tracking
2.2 Adjust vehicle speed

3. Maintain forward vehicle motion on
highway shared with other vehicles

3.1 Contro! center-lane tracking
3.2 Adjust vehicle speed
3.3 Monitor other vehicle courses and positions

4. Control acceleration during turns

a) cornering
b) entering highway
c) exiting highway

4.1 Control rate of turn

4.2 Decelerate vehicle movement

4.3 Accelerate vehicle movement

4.4 Monitor other vehicle courses and positions
4.5 Monitor fixed object locations

5. Control acceleration during overtake and
passing

a) fixed aperture-no traffic
b) fixed aperture—traffic
c) variable aperture

5.1 Control lane track of vehicle

5.2 Adjust vehicle speed

5.3 Monitor passing aperture

5.4 Monitor other vehicle courses and positions

6. Control acceleration during stopping
maneuvers

a) normal
b) emergency

6.1 Control center-lane tracking

6.2 Decelerate vehicle movement

6.3 Monitor available stopping distance
6.4 Select “escape route”

7. Control track during obstacle avoidance

a) fixed obstacle
h) moving obstacle

7.1 Control rate of turn

7.2 Decelerate vehicle movement

7.3 Accelerate vehicle movement

7.4 Monitor relative position and course/rate if
moving
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En route observations and activity analvsis: This was based on 20 second
segments randomly selected for total of 60 such segments used per 8 hours of
driving. Data collectors used a pre-established activity sampling sheet and the
frequency of occurrence ranged from 1 to 60 in terms of number of segments
during which activity took place. Other conditions, e.g., weather, traffic
density, nature of the road segment, were noted but not included in tabled
results.

Driver critical incidents: Drivers were encouraged to recall ‘close cdls,
describe them and speculate on their causes.

Descriptions of these data collection protocols will be given in alater section of this
report.

Driving
Conditions:  None specified.

Criteriafor
Safety Thresholds.  None.

Usefulness

of Data: Provides alist of safety-critical tasks which may be afocus for the present effort.
This work specifically focusses on long-haul truck drivers, making it particularly
relevant to the heavy vehicle truck driver workload assessment project.

Risk Taking

Behavior: Rabideau and Y oung also analyzed safety critical behaviors which may affect driving
safety positively (if carried out) or negatively (if omitted). Note that response or
actionswere not considered under the assumptions that experienced professional
drivers will know what responses are appropriate and have the skill to make them.
They presented the following examples of positive safety-critical behaviorsin
Sensing/Recognitionand DecisionMaking:

Sensingand

recognition

-obstacles on the road

- air temperature falling below 32' F
- brake lights on forward vehicles

- loose gravel at corners

Decisions

- reduce speed during periods of uncertain visibility

- increase following distance on wet roads

- Speed to enter curve

- rate of closure with oncoming vehicles during overtaking.

Negative safety critical behaviors are defined as the inverse of positive safety critical
behaviors and are said to arise in two ways. @) omitting a SCB+ behavior and 2)
deliberately choosing an SCB- behavior. Thefirst islikely if the driver failsto
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Reviewer:

perceive or recognize hazards. For inexperienced drivers, they may perceive and
recognize the hazard, but not know what an appropriate response is. Deliberately
choosing SCB- behaviors might be due to alack of experience, inaccurate recall of
past experience, or incorrect stored information.  Alternatively, the driver may have
a(mistaken) subjective probability that he can make an SCB- maneuver and succeed.

L. Tijerina

Moe, G. L, Kdley, G.R., & Farlow, D. E. (1973). Truck and BusDriver Task Analvsis (DOT
HS 800 835). Goleta, CA: Human Factors Research, Inc.

Data Type:

Task Listing:

Formal analysis based on data in handbooks, training manuals, and regulations plus
driver expert inputs; validation of tasks through separate panel of driver expert
judges; extensive on-the-road observations; interviews and ratings provided by a
sample of drivers (see below).

See Table 2.3. These tasks were selected from the full report to indicate those tasks
judged to be above-average in safety-criticality and/or represent tasks and subtasksin
which the vehicle isin motion. The Moe et a. task analysis was carried out as an
extension to the task descriptions described by McKnight and his colleagues for car
driving (seebelow). Thiswork was part of alarger effort to develop a battery of
candidate knowledge test items for use in testing bus and truck drivers for licensing
purposes. A prerequisite for this development was a detailed analysis and description
of driver behaviorsrequired for safe vehicle operation. Moe, et a.s task analysis was
also described as being of usein training, evaluation, and licensing of truck and bus
drivers. In all, 420 tasks and subtaskswere identified.

Task Structure: None per se. Many of the subtasks read as though they are sequential in

Driver:

nature. However, this cannot be confidently inferred from areading of the
list aone.

Thirty-seven (37) truck driver Subject Matter Experts (SMES) and 24 Bus Driver
SMEs rated tasks on safety criticality. Each SME was sent three envelopes with 25
randomly selected task descriptions in each envelope. The SME first sorted the 25
task descriptions into three piles of safety criticality, i.e.,

High criticality - Tasks the driver must do
Moderate criticaity - Tasks the driver ought to do
Low criticality - Tasks the driver may do

Then each SME rank ordered the 25 tasks from most safety-critical to least safety-
criticd.  Finally, the SME drew aline to mark the High-criticality tasks from the
Moderate-criticality task and the Moderate-criticality tasks from the Low-criticality
tasks. This procedure was used to identify high criticality driver tasks. Results
indicated there was considerable disagreement among SMES on the rank position of
the tasks but general agreement on criticality categories. That is, SMES agreed more
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on what tasks are safety critical- and less on which of the tasks was most critical,
second-most critical, third-most critical, etc.

Timeline
Analysis: None.

2-9



TABLE 2.3. TRUCK AND BUSDRIVER TASK LISTING (ADAPTED FROM MOE, KELLEY, AND

FARLOW, 1973).

Tasks

Subtasks

Preoperative Procedures
A. Trip Planning

tali ol S e

Determine destination

Determine cargo characteristics
Determine route

Obtain route approval from dispatcher

B. Vehiclelnspection

e

Before entering truck
Preliminarywalk-aroundinspection
Inspect engine compartment

Enter vehicle

Perform walk-around inspection
Reenter vehicle

C. Three mile check (done during first few
minutes of driving

WN:-'

Engine and power train performance
Steering mechanism
Vehicle tracking

Routine Driving Tasks
A. Accelerating to Roadway Speed

Accelerate 1o maximum speed in each gear

B. Shifting Gears

Standard transmission

Double-clutch
Downshift

C. Directional Control

Steering - General

Check trailer alignment using rear view mirrorsto
determine if trailer istracking properly

Prevent weaving by avoiding jerky control

Use cues from distant field of vision to anticipate required
steering responses and to avoid fishtailing

Turning - Right Turns

Approach intersection

Signal right turn

Veer slightly to |eft-keep approach lane guarded or
blocked to prevent oncoming traffic from entering blind
spot

Check traffic approaching from left on cross street
Driveintointersection until front end of vehiclereaches
the driving lane for oncoming traffic approaching from
driver’sright on the cross street

Check oncoming traffic

Continuein original direction until vehicle' sturning point
reachesintersection

Check clearance in right and left rear view mirrors

Turn wheel smartly to theright

Continue turn until driver enters driving lane of cross
street
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Tasks

Subtasks

4.

Curves

Upgrades

Slow to speed limit posted for curves

Judge radius of curve

Select aturning radius appropriate for the curve

Steer to outside portion of lane

Check rear view mirror to ensure rear end of vehicle has
not drifted into adjacent lane on outboard side of curve
Judge correctness of speed and steering control and make
adjustmentsasnecessary

Keep well tothe right (or in the right-hand lane of multi-
lane highway)

Do not pull off if shoulder is soft if covered with loose
dirtwhich could cause adust cloud, or if driving
conditionsare bad

Downgrades

Stop and inspect braking system and tires before starting
down long/hazardoushills

Approach top of grade at slow speed

Keep rig strungout (through power braking) while going
downhill

Apply light (5 pounds) brake pressure continuously
Select agear that will permit keeping engine speed at
about half power

Passing

Determine if sufftcient speed and distance
Make smocth transition when changing lanesto avoid whipping

trailer

Judge the distance, as seen through rear-view mirror, to determine
when to return to driving lane
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Tasks

Subtasks

III. Surveillance and Situation Awareness

Roadway obstruction

- Observeposted obstructions

- Slow if bridge ramp incline is significant

- Removefoot from accel erator

- Turn on emergency flashers or pump brakesto provide
warningtofollowingtraffic

- Make decision to stop or pass

- Pass cautioudly if them is room to do so

- Stop if there is not enough room to pass on roadway

- Stop in hot weather to check condition of tires

- Check lug nuts at each stop

- Bleed air and fuel tanks periodically in cold weather

- Detect and compensatefor black ice

- Clean windows and mirrorsin cold weather

- Turn on headlightsin cold weather

- Drive vehicle at aspeed that will permit vehicleto be
stopped within the prevailingvisibility range

- Turn on windshield wipers before entering water or snow
spray caused by other vehicles

- Reducespeed
- Monitor trailer for excessivetiltangle

- Reduce speed on dlippery roads

- Make small, smooth steering correctionsrather than large,
jerky ones when attempting to control skids

- Keep rig strong out

- Steer inintended direction of travel

- Avoid braking or downshifting

- Use powerbraking if necessary

- Maintainmaximumdirectional control

- Read the road high to detect potentially hazardous
situationswell in advance

- Pay attention to movements of all vehicles ahead, and not
just the one immediately ahead

- Slow down immediately when farm equipment or other
slow-moving vehicles are sighted on roadway

- Watch for vehicles entering own lane anywhere ahead

F.

Braking and Stopping

Avoid sharp braking on twrns or curves

Apply steady pressure on foot brake when initiating stop
Avoid locking wheels to maintain directional control of vehicle
Pump brake pedals to dry wet brakes

G.

On-the-road Inspections

Route rest and refueling stops
- Check fifth wheel

v. Special Driving Tasks

A.

Turnabouts

[

Avoid making U-turns or Y-turns
Reverse direction by driving around block

B.

Backing up

badl ol

Avoidbackingwhenever possible

Back to the left when possible

Get out and make visual inspection of the areato the rear of the
vehicle

Station someone to the rear of the vehicleto act as signalman

Signal intention to back (accelerate engine, sound born, turn on
flashers)

Back slowly in lowest reverse gear, scanning all mirrorssequentially
To back atrailer, steer aheading opposite the desired direction of
travel until thetrailer ismoving in the desired direction of travel,
then steer a heading the same as the desired direction of travel to line
up thetractor.
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Tasks

Subtasks

Parking

Parking on aroadway
Ensure enough clearance for tractor aswell astrailer
Placetransmissionin gear
Set parking brakes

Additional parkingprecautions

Drivingin Off-Street Areas

=

~w

Usedriveway, whenavailable

Crossinclined driveway slowly and at an angle to avoid striking
undercarriage

Driveover curbsslowly

Scan for posted and unposted obstructions

DrivingEmergencies
A. BrakeSystemFailures

Lossof air pressure
Grasp steering wheel firmly
Press brake pedal to activate brake lights
Turn on 4-way flashers or sound horn to attract attention
of other drivers
Overpower emergency braking system (accel erate) to
avoid sudden stop in path of following traffic
Stop vehicle as soon as possible of f roadway if possible
Inspect air brake system to determine cause of problem
Repair system (or haveit repaired) before resuming
normal driving
Use parking brake to stop
Removefoot from accel erator
Downshiftif possible
Set parking brake firmly while maintaining Armgrip on
steering wheel with other hand
Stop vehicle as soon as possible off roadway
Inspect brake system to determine cause of failure
Repair system (or haveit repaired) before resuming
normal driving

Emergency quick stop
Usefull pressure on brake pedal
Power brakeif time permit

B. EngineFailures

Activation of motorguard device (not rated 4 or 5 in terms of
criticality)

C. Fires

Firefighting
Extinguish Aresor attempt to control them
Tirefires
Remove smoking tires
Control smokingtires
Ensuretiresare cool before stowing
CargoAres

Assessresponsibility for protecting public from danger
created by hazardous cargos

Drivetruck to uninhabited areaif possible

Set up roadbl ocksto prevent on-lookers from approaching
truck

D. Blowouts

O W -

Grasp steering whee! tightly and attempt to keep vehicle straight
Ligft foot off accelerator and allow engine to deceleratethevehicle
Look for suitable place to park

Pull off to the side of the road

Changetireor call for assistance
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Tasks Subtasks
VIIIL. Hooking and Uncoupling Hook up singles - Brake and block trailer
A, Hooking wheels

- Check height of skid plate in relation to tractor fifth wheel
jaws

- Connect air brake hoses

- Rack tractor slowly under thetrailer until contact ismade
and jaws lock around kingpin

- Place tractor in lowest forward gear and give aslight pull
forward to ensure kingpin engagement

- Placetractor protection valvein normal position to supply
ar pressureto trailer brake system

- Check air pressure gauge to ensure air pressure returns to
normal

- Activatetrailerlights

- Recheck tractor air hose and electrical connections

- Inspect hookup

- Removetrailer blocks

- Raiselanding gear assembly toitsfull-up position

- Check trailer lightsto ensure they arein place, connected,
and operating properly

2. Hook up doubles

- Hook up dolly to first trailer

- Set brakes and blocks wheels on second trailer

- Check brake hoses and light cords for proper storage

- Back combination (tractro, firsttrailer, and dolly) slowly
under second trailer until contact is made and jaws lock
around kingpin

- Inspect hook-up

B. Uncoupling Uncouple singles

- Unhook cabtes and hoses

Uncouple doubles

- Close air shut-offs at rear of first trailer or on dolly (if
equipped)

X. Carrying Passengers (Not applicable)
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Driver Information
Needs:

Operational
Validity:

Driving
Conditions.

Criteriafor
Safety Thresholds:

Usefulness
of Data;

Risk Taking
Behavior:

Reviewer:

None explicitly given.
High, given the number of driver inputs used to generate the tasks.
None specified (but see specific tasks, e.g., Weather, Wind).

None provided.

Thislisting provides arich source of details about driving tasks. It contains
the type of data one might expect to extract from a protocol analysis. Itis
anticipated to be the source of task analytic work in future phases of the
NHTSA workload project.

Not discussed.

L. Tijerina
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Spolander, K. (1980). Profess

Analvsis. Linkoping, Sweden: Natlonal Swedlsh Road and Trafflc Research Instltute (In
Swedish, portions trandlated by Battelle).

Data Type:

Formal task aualysis with driver expert review and validation.

Task Listing: Inthisanalysis, 211 tasks were identified and grouped into nine categories: vehicle
inspection, loading, unloading, vehicle techniques, maintenance, passenger
transportation, laws and rules administration, man as a driver, and other vocational
matters. From these, the tasks given in Table 2.4 were identified as most relevant to

the NHTSA project.

Task Structure: None.

Driver: Each task was judged on four dimensions by atotal of 487 drivers, driving
instructors, local councils of professional drivers, and employers. These were
frequency, safety criticality, transportation efficiency, difficulty.

Timeline

Analysis: None.

Driver Information

Needs: None.

Operational

Validity: High, given the large number of truck drivers who reviewed and rated each
task.

Driving

Conditions: None.

Criteriafor

Safety Thresholds:

Usefulness
of Data:

None provided.

This data provides corroboration for safety-critical tasks involved in truck
driving. Thisanalysis and listing is particularly interesting because it provides
not only relative safety-criticality information but also relative difficulty and
frequency informationaswell. If it can be assumed that workload is higher
for more difficult tasks, then these tasks merit further inquiry during
subsequent phases of the current project.
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NOTE:

FROM SPOLANDER, 1980)

standard scores.
*=Not as Important to American Drivers as Judged by Battelle Driver SVIE

F=Freguency, S=Sdfety Criticality, E=Effectiveness for Transportation, and D=Difficulty. Vaues Presented are Integer

TABLE 2.4 SELECTED TRUCK AND BUS DRIVER TASK ANALYSIS (TRANSLATED

Monitoring (Vehicle) WhileDriving F S E D
1401 Continuing to monitor instruments for oil pressure, brake pressure, speed, enginetemperature, +4 +1 +2 3
€tC.
1402 Having knowledge of themain control lightssignificance. +2 +1 +1 -2
DRIVING
Planning the Route F S E D
2101 Determining important characteristics of load, e.g., center of gravity and weight. +1 +1 0 +1
2102 Determining important characteristics of load, e.g., solid or liquid, bulk or piece goods. +2 +2 0 0
2103 Determining important characteristics of load, e.g., explosive or toxic materials. 0 +3 +1
2104 Determining important characteristics of load, e.g., whether it containsfood. 0 -2 0 -1
2105 Choosing route with regard to vehicle' sivehicle combination’ s dimensions, weight and axle 0 +1 +2 0
pressure.
2106 Choosing route with regard to different routes carrying capacity, passibility and condition. +1 +1 +1 +1
2107 Choosing route with regard to special characteristics of the load, especially and usually only -1 +1 +1 0
forover-dimensional hauls.
2108 Choosing mute witb regard to trafftc conditions and test time. 0 -1 +1 0
2109 Planning route with regard to work time and breaks (truck). +1 -1 +1 -1
2110 Checking asto whether the planned routeis blocked by local prohibitions or restrictions. -1 0 +1 0
2111* Planning local distribution with regard to local trafftcregulations. +1 -1 +1 0
2112+ Planning local distribution with regard to load distribution. +1 -3 +1 +1
2113 Planning local distributionwith regard to accessto personnel or mechanical assistancein 0 -3 +1 +1
loading or unloading.
2114 Checking asto whether |oad and consignment papers agree. +2 -3 +1 0
DRIVING
Maneuvering in Traffic
2201 Reaching and mai ntai ning speed using amanual transmission. +3 -1 +2 0
2202* Reaching and mai ntai ning acertain speed i n avehiclewith semiautomatic transmission. -2 -3 -1 -1
2203 Maintaining alow engine rpm with regard to speed and load without help from a tachometer +1 -3 +1 0
(truck).
2204 Ability to use tachometer to maintain proper engine rpm. +2 -3 +1 -
DRIVING
Maneuvering in Traftic (Cont.) F S E D
220.5 Shifting with the help of double clutching. 2 -4 ) 0
2210 Maneuvering avehiclecombinationin built-up area. +1 +2 +1 +2
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2211 Maneuvering a vehicle combination in high-traffic city area. +1 +2 +1 +2
2212+ Performing a 90 degree left turn with a bus around a street corner with or without traffic +1 +2 0 +1
divider.
2213 Performing a 90 degree left turn in a truck with trailer around a street corner with or without +1 +2 +1 +2
traffic divider.
2214 Performing a 90 degree left turn in a tractor trailer with mounted trailer around a street corner 0 +2 +1 +2
with or without traffic divider.
| 2215* Performing a 90 degree right turn in a bus around a street corner with or without traffic +1 +2 0 +1
divider.
2216 <Performing a 90 degree right turn in a truck with trailer around a street corner with or without +1 +2 0 +2
traffic divider.
2217 Performing a 90 degree right turn in atractor trailer with mounted trailer around astreet +1 +2 +1 +2
corner with or without traffic divider.
2218 Adjusting speed through curves on a paved road. +2 +2 0 0
2219+ Adjusting speed through curves on a gravel road. 0 +2 0 0
2220 Recognizing and reacting to improperly banked curves. 0 +1 0 +1
2221* Driving a bus in a traffic circle. +1 +2 0 0
2222+ Driving a truck with trailer in a teaffic circle. 0 +2 0 +1
2223+* Driving a tractor trailer with mounted trailer in a traffic circle. 0 +2 0 +1
2230 Using engine and transmission to best effect on an up-grade. +3 -1 +1 +1
2231 Choosing brake function(s) or using them correctly on a long down-grade. +1 +1 +1 0
2232 Avoiding overheating of brakes on a down-grade. -1 +2 +1 0
2233 Braking with engine without overreving on a down-grade. 0 -1 0 0
2240 Passing other heavy vehicles. 0 +2 -1 +2
2241 Passing cars. -1 +2 -1 +1
2242 Passing unprotected traffic. +2 +3 -1 +1
2243 Passing large, slow vehicles or motorized equipment. 0 +2 0 +1
2244 Facilitating faster traffic to pass. +2 +2 -1 0
2245 Allowing other heavy traffic to pass. +1 +2 -1 0
2250 Braking in a single vehicle or bus on a slick road. 0 +3 +1 +3
2251 Braking a vehicle combination on a slick road. +1 +3 +1 +4
2252* Braking a single vehicle or bus on a gravel road. 0 +1 -1 0
2253* Braking a combination vehicle on a gravel road. -1 +1 -1 +1
DRIVING
Maneuvering in Traffic (Cont.) F s E D
2254 Braking a vehicle in a curve in a dangerous situation. -1 +2 0 +1
2255 Braking slowly or adjusting speed for example to traffic signals. +2 +1 0 -1
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2256

Ability to utilize vehiclesbraking capability for maximum decel eration.

0 +2 0 +1
2257 Ability to control vehicle during a panic stop. -2 +3 0 +4
DRMNG
Attention and ReadinessWhen Drivingin Traffic
2301 Maintaining special attention when crossing bridges, e.g., to load limits, unevenness, +1 +2 +1 0
slipperiness.
2302 Maintaining specia attention when passing through tunnels or over viaducts, e.g., to height, 0 +2 +1 0
length, or width limits.
2303 Driving with specia attention when passing parked or broken down vehicles along the mad. -1 +1 -1 -1
2304 Observing special care when animals (wild or tame) are seen on or along the mad. 0 +2 -1 +1
2305 Exercising special care when passing unprotected traffic. +2 +3 -1 +1
2307 Maintaining special attention and readiness when blinded by low sun. 0 +2 -1 +1
2308 Driving with special cam during slippery conditions caused by mud, hydroplaning, ice or +1 +3 +1 +3
Ssnow.
2309 Correcting askid in asingle truck or bus. -3 +2 +1 +4
2310 Correcting askid experienced while driving acombination vehicle. -2 +2 +l +4
2311 Driving with special care when passing mad work. 0 +2 -1 1
DRIVING
Drivingin Bad Weather
2401 Maintaining extra attention and care to temperature gauge and coolant on hot days. +l -2 +1 3
2402 Using snow chains or other antiskid protection under snowy or icy conditions. -3 0 +1 +1
2403 Monitoring antifreeze protection level in radiator and windshield washer and refilling as +1 +1 +2 3
needed.
2404 Knowing effects of vehiclefmm conditions causing condensation and freezing when +1 +2 +1 0
temperatureislow.
2405 Contmlling vehiclein astrong crosswind carefully compensating for powerful wind gusts -1 +1 -2 0
after passingincidental shelter.
2601* Turning vehicle with help from backing, e.g., a amad crossing. -1 +2 0 —+1
2602 Backing, both straight or while turning left or right without trailer. +2 +2 +1 0
2603 Backing, both straight or white turning |eft or right with trailer. +1 +2 +2 +4
2604 Backing when guided by an assistant’ sdirection. -3 +1 -1 0
2605 Towing an attached vehicle. -4 +1 1 0
2606 Being towed oneself by another vehicle. -3 0 -2 0
DRIVING
Driving in Bad Weather (Cont.) F S E D
2607 Choosing a parking place in the dark. -1 +2 -1 -1
2608 Parking in aparking place or at aterminal so that the vehicle causes minimal hindrance or +1 0 -1 0

problems.
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2609 . Parking on an up-grade. -1 +1 -1 -1
2610 . Parking on a down-grade. -1 +17 7.1 - -2 |
DRIVING
Unforeseen Occurences When Driving
2701 Ability to stop when air (brake) pressureislost or during other brake failures. -2 +2 +1 +2
2702 I Stopping when indicator shows low oil pressure. -3 -1 +2 -3
2703 | Stopping when engine temperatureistoo high. -3 -2 +1 -3
I2764 I Seging vehicle with a punctured front tire. -4 +1 -1 +3
2705 Steering vehiclewith partial or complete failure of power steering. -3 +2 -1 +1
2706 Removing air from fuel system arrfuel has run OUt in adiesel engine. 3 -3 +1 0
|i 2710 Coping witb an enginefire. -4 +1 +1 +2
|| 2711 Coping with a vehicle body fire(bus). -4 +3 +1 +4
2712 Coping with afirein aload consisting of normal combustible material (wood, paper or similar -4 +1 +1 +3
I | materid). |
|| 2713 Taking protective measures or measuresto extinguish firein aload consisting of explosive or -4 +2 +1 +4
dangerousmaterials.
|| 2720 Assigting injured personsin atraffic accident. -4 0 2 +4
2721 Warning and directing other traffic around a traffic accident. -3 +2 -1 0
2722 Recording names and data relating to sequence of events in a traffic accident. 2 -3 0 -1
LOADING AND UNLOADING
3001 Loading and securing piece goods or palleted goods. +2 +2 +2 +2
3002 Loading and unloading bulk or mass goods. -1 -1 0 +1
3003 Loading and securing load of lumber or timber. 0 +3 +2 +1
3004 Loading and unloading atank truck. 0 +1 +1 0
3005 Covering load with atarpaulin. -2 -1 0 -1
3006 Knowing where directions and requirements on securing load are found. (1] +2 +1 +1
3007 Securing and stowing goods according to current requirements. +2 +2 +1 +1
3008 Marking a protruding load. -1 +2 1 -2 |
3009 Using vehicle mounted crane for loading and unloading. -2 O I +1 +1
3014 Loading with regard to requirementsfor legal load, axle and wheel unit weight. +3 +2 :l-l +i "
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Risk Taking
Behavior: None addressed in the task descriptions themselves.

Methodology: Formal analysis with written/interview validation by alarge sample of truck drivers.
Reviewer: L. Tijerina

Professional Truck Driver Institute of America (PTDIA). (April, 1989). Criteria for voluntarv

certification of tractor-trailer driver training courses and curriculum. Elk Grove, CA: Author.
Data Type:  Task listing derived from Training Curriculum.

Task Listing: See Table 2.5.

Task Structure: Noneprovided.

Driver: None mentioned. However, given PTDIA as the source, assume significant
inputs from professional truck drivers.

Timeline

Analysis: None.

Driver Information

Needs: None explicitly described.

Operational

Validity: High, given that thisis the sanctioned truck driver training curriculum in the United
states.

Driving

Conditions:  None specified.

Criteriafor
Safety Thresholds:  Noneprovided.

Usefulness

of Data: Provides additional indication of the core driving tasks which truck drivers
must execute.

Risk Taking

Behavior: Not addressed.
Methodology: Not described.

Reviewer: L. Tijerina

2-21



TABLE 25. PTDIA DRIVER CURRICULUM (ADAPTED FROM PTDIA, 1989).

BASIC OPERATION

1.1 Orientation

1.2 Control Systems
- operate instruments and controls (e.g., gear shift, tach, air gauge, low air

warning, etc.)

1.3Vehiclelnspection
- Pm-tripinspection
- Inspectionwhilein operation

- End-of-tripinspection

1.4 Basic Control

- Stanting
- Stopping
- Backing
1.5 Shifting
1.6 Backing
1.7 Coupling and uncoupling
SAFE OPERATING 2.1 Visualsearch
PRACTICES 2.2 Communication
- signaling,
- use of horn
- other
2.3 Speed management
- maintaining speedinavariety of situations
- operatingonhills,
- curves
- other
2.4 Space management
- following distances
- keeping space to the sides and rear
- passing
- other
‘2.5 Night operation
'2.6 Extreme driving conditions
- cold and hot wesather
- stormyconditions
- mountainous terrain
- installing chains and towing a stuck vehicle
ADVANCED OPERATING 3.1 Hazard perception
PRACTICES :3.2 Emergency maneuvers
- emergency braking
- evasive actions
- responses to other emergencies
3.3 skid control, jackknifing, and recovery
VEHICLE MAINTENANCE 4.1 Vehicle Systems
4.2 Preventative Maintenance and Servicing
4.3 Diagnosing and Reporting Malfunctions
NON VEHICLE ACTIVITIES | 5.1 Handling Cargo

§.2 Cargo Documentation

5.3 Hours of Service Requirements
5.4 Accident Procedures

5.5 Persona Health and Safety

5.6 Trip planning

5.7 Public and employer relations
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Friesen, Kaye and Associates (1990, November). An occupational analvsis leading to the

development of a professional truck driver curriculum. Prepared for the Canadian Truck
Transport Industry.

Data Type: Unknown. No details of method used to derive tasks. Thisis atask listing to
be used to develop atruck driver training program. However, it provides
details of the driver activities and skills needed to various driving tasks.

Task Listing: See Appendix 2A at end of this section. (Note: This material was received very
recently and thus has not yet been reformatted).

Task Structure: None.

Driver: None specified.

Timeline

Analysis: None.

Driver Information

Needs: Needs may beinferred from descriptions of individual tasks.
Operational

Validity: High based on comparison with other listings.
Driving

Conditions: None specified.

Criteriafor

Safety Thresholds:  None explicitly provided.

Usefulness

of Data: Thisisthe most current task analysis list found to date. It includes arelatively fine
grained description of tasks under the Skill/Knowledge heading. This is expected to
corroborate (and update) Moe et al., and other sources.

Risk Taking

Behavior: Not discussed.
Methodology: Methods used are not reported in the documentation we have received.
Reviewer: L. Tijerina

McKnight, A.J. and Adams, B.B. (1970). Driver education task anaivsis. Volumel: Task

descriptions. Final report (Report No. DOT-HS-800-367; HUMRRO-70-103). Washington, DC:
National Highway Traffic Safety Administration.
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McKnight, A.J. and Adams, B.B. (1970). Driver education task analvsis. Volumell: Task
analysis methods. Final reuort (Report No. DOT-HS-800368; HUMRRO-IR-DI-70-1).
Washington, DC: National Highway Traffic Safety Administration.

McKnight, A.J. and Hundt, A.G. (1971). Driver education task analvsis Volume |11:
Instructional obiectives. Final reuort (Report No. DOT-HS-800-369; HUmMRRO-71-9).
Washington, DC: National Highway Traffic Safety Administration.

McKnight, A.J. and Hundt, A.G. (1971). Dri

lucati I Vs | 7]
development of instructional objectives, Final reuort (Report No. DOT-HS-800-270; HUmMRRO-
72-14). Washington, DC: National Highway Traffic Safety Administration.

Synopsis:

The overall objective of this study was to devel op “performance-oriented driver
education objectives’ and instruments to measure attainment of those objectives. Tire
results of the study are presented in four volumes, as referenced above.

In Volume , the detailed descriptions of passenger car driver tasks were presented.

A total of 45 tasks[see Table 2.61, involving 1,500 driver behaviors, were identified.
Thelist of tasksidentified in this report follows later in this summary. Thetasks
were divided into two major categories. on-road and off-road tasks. In the on-road
category, the basic control tasks and tbe general driving tasks were performed
throughout all driving, while the remaining tasks in the category were situation-
oriented tasks. Tasks listings were detailed (i.e., subtasks were included) and other
supportinginformationwasdescribed.  Supporting information was classified into the
following categories. performance information,. performance limits, criticality
information, skill information (i.e., perceptual, motor or cognitive processes) and
knowledge information. A safety criticality index (range + 20) was also included for
each task and subtask  The sample listing for “ Skid Control” is provided in Table
2.7.

Volume Il described the method used to identify the driver tasks and the method used
to obtain the safety criticality index. The identification of driver tasks was based on
an analytic procedure that involved: (1) identification of transportation system
characteristics that produce situations to which a driver must respond,

(2) identification of required driving behaviors, (3) organization of driving behaviors
into tasks and (4) detailed analysis of the tasks. The safety criticality of tasks was
developed using the judgements of expertsin driver education, traffic safety, law
enforcement and driver licensing. One-hundred evaluators each ranked three lists of
25 randomly selected driving behaviors from the task analysisin terms of criticality to
the overal transportation system. The rankings were normalized and the mean for
each task wascalculated. An ANOVA indicated good inter-judge agreement.

Volume I11 of the study outlined the instructional objectives for adriver training
program along with the eval uation instruments needed to assess driver performance
and knowledge. The objectives are presented in learning units which were designed
to assist driver educators to revise or develop new curricula. The evaluation
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Method(s):

instruments included a driving fundamental s test, driving situations test and a driving
knowledge test.

Volume IV presents the methods used to devel op the instructional objectives.

Note: Volumes il and IV are of little relevance to the truck driver workload project.

Analytic

Task Listing: Primary and ancillary tasks described.

Safety
Criticality:

TimeLine
Analysis.

Index based on mean normalized rank of task.

None.

Detailed Human

Performance
Descriptions:

Subjects:

Driving
Conditions.

Validity
| ssues:

Risk Taking
Behavior:

Usefulness
of Data:

Reviewer:

Includes some description of the perceptual, cognitive and motor requirements of a
task. No loading data was provided. Some quantitative data on driver performances
areaso provided.

100 subject matter experts were used to rate the safety criticality of driving
tasks and subtasks. Experts consisted of driving educators , safety speciaists
and law enforcement personnel.

No driving performed.

Task analysiswas developed for training of automobile drivers not for already-trained
truck drivers. Task descriptions must be reviewed as must the criticality indices
before this data could be used for truck driving.

Not discussed.

Therewas arelatively high level of detail regarding the task descriptions.
Primary and ancillary task listing are provided, along with some data on the
requirements of the task. No time line data was presented. Although this
analysis pertains to automobile driving, it could serve as agood beginning
place for atruck driver task analysisif no suitable one isidentified elsewhere
intheliterature review.

S. Kiger
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TABLE 2.6 DRIVER EDUCATION TASK ANALYSIS (SOURCE MCKNIGHT ET AL.)

Listing of Driver Tasks from Volume I

I On-Road Tasks Basic Control Tasks
1. Pre-Operative Procedures
2. Starting
3. Accelerating
4. Steering
s. Speed Control
6. Stopping
7. Backing Up
8. Skid Control
General Driving Tasks
L. Surveillance
2. Compensating for Physical Limitations
3. Navigation
4. Urban Driving
5. Highway Driving
6. Freeway Driving
Tasks Related to Traffic Conditions
1. Following
2, Passing
3. Entering and Leaving Traffic
4. LaneChanging
s. Parking
6. Reacting to Traffic
TasksRelatedto Roadway Characteristics
1. Negotiating I ntersections
2. On-Ramps and Off-Ramps
3. NegotiatingHills
4. Negotiating Curves
5. Lane Usage
6. Road Surfaces and Obstructions
7. Turnabouts
8. Off-StreetAreas
9. Railroad Crossings, Bridges and Tunnels, Toll Plazas
10. Weather Conditions
1l. Night Driving
TasksRelatedto the Car
1. Hauling and Towing Loads
2. Responding to Car Emergencies
3. Parking Disabled Car
4. Roadside Servicing
5. Pushing and Towing

1. Off Road Behaviors Pre-Trip Tasks
1. Planning
2. Loading
3. Use of Alcohol and Drugs
4. Maintaining and Accommodating Physical and Emotioné Condition
Maintenance Tasks
1. Routine Careand Servicing
2. Periodiclnspectionand Servicing
3. RepairsCar Subsystems
Legal Responsibilities
1. Driver and Car Certification
2. Post-Accident Responsibilities

s ——G—r————————————
— e ——
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18.11

1812

18.13

18.2

18.21

18.22

18.23

18-3

18-3¢

184

18.41

15-42

18-43

18.5

18.51

18-52

18-521

TABLE 2.7 TASK LISTINGS AND ANALYSIS FOR SKID CONTROL
[SOURCE MCKNIGHT ET AL.)

Task 18 Skid Control

Criticality
ANTICIPATES SKID PRODUCING SITUATION SUCH AS: 13 XXX XX
QAuesor turns at excessive speed
Surfsce condivions providing 8 low cosfiicient of Iriction 1.e., iCe, INOW, water,
oil, gravel, silt, sand and wet leaves (see 48-3, Road Cover)
E xcessive rate of deceleration
TAKES PREVENTIVE MEASURES TO AVOID SKIDS
Enters curves or turns at moderate spesds 11 XX X X
When driving on slippery surfaces, avoids abrupt changes in car velocity oe direction
of movement 16 XX XXX
Attempts to avoid panic stops or hard braking if possible 13 XXX XX
DETECTS SKIDDING * 1 x X X X
Percuives discrepancy between cars heading and path angle (direction cae s
actually moving) *
Perceives lack of deceieration upon braking
ATTEMPTS TO ARREST SKID .
Gradually releases pressure on accelerator pedal 6 XXX X
Keeps f00t off brake pedat * 12 XXX XX
Deprenses clutch W drving 8 manusl trensrussion car * 4 XXX X
COUNTERSTEERS CAR TO CORRECT FOR THE SKID
Immediately turns front whedls in the direction of desired car hesg 16 XXX XX
As car appioaches desired heading, begins (O urn stsering whistl in 0OPOSIHE
direction 10 d "overshoot™ (o wing t3 turn beyond the desrsd heading) 9 X XX X
Straightens wheeis just before deswed heating i obtained * 9 XX XX
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TABLE 2.7 (Continued)

$kid Control

181

123

18-3

184

1841

18-43

18.5

18.521

x

t 40 percent of all accidents repored in one year involved skidding and one third of
these occurred before brake application Virginia, 1080 {018, p. 87}

Amuming good rosd, tires enct brakes, sudden braking st 80 miles par hour

or sbove mey result in skidding if front whee! slignment is unequal or if tread
of one tke differs from othevs {100, p. 7)

Percaption of a skid is dcpendent primarily upon propriocsptive or kinesthetic
rather then visusl cust, Turning or braking sctions ars sssociated respectively

with bodily senistion of iatersl accelerstion and longitudinel deceleration, Failure
to exparience these ssnaatior Lrates the “fesling’’ of a skid.

Cues to perception of direction are not well known. Heading is not a good cue as it is
dIfficult to determine from driver's seat and may differ from direction in skid.
Expansion point or null movement point accounts for linear notion but not curvilinear

motion where expansion join is center of rotation to the sideof driver's iim or
regard 1918, p 65)

Improper attempts to arrest a turning skid were spediically noted in 37 out of 1000
accident reports reviewed (HUumRRO)

Lifting foot off accelerator pedal suddenly is just about asbad as applying
brakes suddenly since it is applying the braking power of the engine (190, p. 216)

Applying the brakes increases the probability of locking the whesls. A car steers

only by rolling friction. If the front wheels are not rotating (i.e., in alocked
condition). it is not possible to steer and the car will slide in a Straight

line regardless of the position of the wheels, (228, p. 26). Even if the wheels do not lock
when the brakes are applied, the braking action will result in a weight transfer to the
front end of the car concurrent with e  weight reduction in the rear end thus

increasing the chances of spn wt. (227. p. vi-2)

Different schools of thought exist with respect to the advisibility of dgoressing
theclutch pedal s @ means for controlling thecar in a skid. Where extensive

training is to kaegiven in skid control and the driver anlbetaudtto use the

brake correctly then it would seem wise to disengage the clutch thus placing the
catotally under brake control. However, for one who is notto Feeextensive practice,
then leaving the clutch engaged hesthe advantage of (1) not requiring thetime

and attention o th driverand (2)  elowing the natural fricion 40 dow the (ir grecualy

Twenty peoert of  one o accidents involving young drivers in

Hichigan were
compounded by failure t0 correct o skidadequately (310, p. 13)

Inability to countersteer while avoiding ““overshoot’” wes specifically noted in
47 out of 1000 accdentreports reviened (HUmRRO)

necessary to prevent skidding in theother direction (019, p. D-19)
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Eberhard, J.W. (1969). Driver Information Requirements and Acceptance Criteria. Highway
Resear ch Record No. 25. Washington, DC: Highway Research Board. pp. 1930.

Synopsis: To support development of in-car displaysfor the Electronic Route Guidance System
(ERGS), an analysis of driver tasks required to negotiate a generic intersection was
performed. The analysis was performed from the perspective of an unfamiliar driver
using an electronic way finding system like ERGS. Twenty-two tasks were identified
(SeeTable2.8). Worst case execution times were also presented for two maneuvers.
alane change (See Table 2.8) and a speed change (See Table 2.8).

In asurvey of 561 licensed drivers, user acceptance of the ERGS concept, display
design features, desired roadway types for implementation and willingness to buy
were investigated.

Data Type:  Formal analysisand user survey.

Task Listing: Primary and ancillary driving tasks: intersection negotiation assuming use of an
electronic in-vehicle display. No detailed descriptions of tasks.

Task Structure
None.

Driver: Not specified but navigation system under study intended for unfamiliar drivers (first
timein an intersection) and aged drivers.

Safety
Criticality: ~ Critical tasks (changing lanes and changing speed) identified for negotiating an
intersection, but basisfor this determination was not explained.

TimeLine

Analyss: Worst case execution times for |ane change and speed change maneuvers were
presented. Appendices C and D from Eberhard, J. W. Driver Information
Requirements, Display Concepts and Acceptance Factors for an Electronic Route
Guidance System. Serendipity, Inc., Report No. TR 301-69-12, Contract No. FH -
6805 for Bureau of Public Roads, Feb., 1969 were cited for this data but were
unavailablefor thisreview.

Detailed Human

Performance

Descriptions: None. No performance or safety criteria.
Subjects: For task analysis. None.

For user survey: Licensed drivers visiting the History and Technology Museum of
the Smithsonian Ingtitution.
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Driving
Conditions:  Nodriving performed.

Operational

Validity: Not applicable.

Risk Taking

Behavior: Not discussed.

Usefulness

of Data: Limited to enumeration of tasks. No information on cognitive, perceptua or motor
requirements of the tasks. No information on task difficulty. No detailed task
descriptions.

Reviewer: S. Kiger and B. Kantowitz (combined reviews)
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TABLE 2.8. DRIVER TASKS FOR INTERSECTION NEGOTIATION, AND LEAD TIME
DATA FOR LANE CHANGE AND SPEED CHANGE MANEUVERS
(SOURCE: EBERHARD, 1969).

L. M »” of route suree.
L P path change
3. P're-ln approach path mansuver ngnnmu. i.¢., lane chaxge,
4.
5 P
[ Pcmln :ppra:b path mansuver.
7. Percaive seed u change speed,
8. Execuls
9. Detect sode (wl mnueﬁu {nta perspective).
10, Detact end of routs.
11,  Datact inappropriats path(s) on approsch,
13. Detsct conflicting cacoming traffic,
13, Detact in or near roadwn
14, Detarmine seed to stop.
18, Mop aute.
16.  Detact target patd,
::. Detéet luwrewhb plhs at cholce palad,
1. tnum lununr nt cholcs polat.
20, Detect close path sequence,
i me-n close path sequence.
[ . ive targel path 2
b ) Aversge
Time Distance
Function peed
(see) {mph) iy
Lane change
Detact ERGE present L 40 147
Detoet right lane required 14 ® "y
Detact soed to chasge laas 1.9 « 1
Deteet aft sar [N ] «“ bt
Detsst cazs in right laae 3 L] p}i]
Wait for accopmdle
1aitial deceleration 1.43 3% H
Waitiag spesd 5.8 ] 1,118
Chaage lanes 4.3 30 18
Tom) 2 448
¢ ) Time Avennge
Tusstion Speed Distaase
{see) (mph)
Speed change
Tura right guidssse Le % M
Rod light ahsad bR 30 150
Ruls wut prier pata(s) LY 30 ]
Slow dewa and sicp . 18 147
Tom w
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Summaryv on Task Descriptions and Criticality Assessment

The references reviewed here provide a significant database of driving tasks with which to guide
further efforts on this project. The work by Moe, et al. (1973) and M&night and his collegues, in
particular, offers a significant degree of detail with regard to task and subtask descriptions. In
general, however, ancillary tasks (e.g., HVAC adjustments, CB operations, or other in-cab tasks) are
not described and neither are additional informal driver behaviors (such as pouring coffee, fumbling
with snacks, or lighting a cigarette) which may affect driver workload.

With regard to task structure, the task listings suggest the sequential nature of processes. But
traditional task analyses cannot be interpreted in thislight. The task listings provided by these
sources by and large are hierarchical decompositions of the driving tasks garnered from avariety of
sources e.g., observations, driver SME inputs, armchair analysis, theoretical considerations, etc. The
degree to which task structure must be described for our purposesis not clear but, at a minimum,
concurrent task execution seems essential to our understanding and these task descriptions do not
providethis.

Driver descriptions are usualy absent or vague. There are, on the other hand, a number of references
which address variationsin driver performance and workload as a function of various driver
variables, namely experience, age, familiarity with the route, and cognitive style. These references
will be discussed as part of Battelle's Task 4 Interim Report.

Unfortunately, no timeline analyses were found (though Eberhard does provide some task duration
data). Perhaps this is because of the dynamic nature of driving. Rabideau and Y oung, for instance,
preferred an event-based mission approach rather than atime- or distance-based mission approach
because of highly variable driving conditions. Thus, timelines might not be appropriate. Frequency

of occurrence isimportant, however, for understanding the nature of background concurrent tasks and
for prioritizing tasks to be included in as standard driving tasks in aworkload assessment. Therefore,
frequency of occurrence, which was originaly thought to be available from atimeline analysis, is still
atask analysisdataneed. Thework of Spolander contributes to this to some extent.

Safety criticality was addressed in several sources using rating and ranking procedures. These ratings
will be used to select tasks which are analyzed further in Tasks 2, 3 and beyond.  Giventhat
somewhat different definitions of safety criticality were used, there is still a need to verify these
assessments, in our estimation.  The project staff driver SME consultant provides a useful verifier,
but confirmation from a sample of driversis desirable to avoid any possibility of bias. A common
definition of safety criticality is also needed for this purpose.

Driver information needs were addressed indirectly in the task descriptions given in the various
reports. However, the only formal presentation of driver information needs s that provided by
Rabideau and Young (1973) in Table 2.1. Upon looking at thislevel of task description, it is unclear
how much more is needed. It seems at this point that defining what the driver’'s eyes, ears, hands,
feet, and mind are doing at any given time while at the wheel is more appropriate to our purposes.
Therefore, it isrecommended that Task 3 data collection NOT explicitly be directed toward filling out
such tables for each and every task and subtask to be analyzed. A more reasonable and cost-effective
approach will be to augment Table 2.1 with any variations that come up in the course of other, more
appropriate, task analysis data collection.
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In general, the data presented in this section is devoid of descriptionsindexed by or conditional on
drivingcondition. Furthermore, some driving conditions of interest to us are missing (e.g., driving
in fog). Given that driver workload is determined, at least to some extent, by driving conditions, it
seems important to understand this factor in advance.

Our conclusion isthat the task descriptions contained in these references are of value and provide
significant advantage for thisproject. These task descriptions provide us with guidance on those tasks
which we wish to understand further from a workload standpoint. They do, however, need to be
verified for completeness and correctness in today’s driving environment. They need to be
augmented to some extent with additiona tasks which may affect workload and safety. The concept
of safety criticality needs to be standardized and the criticality assessments provided in this literature
need to be verified. Task 3 data collection will be directed toward these ends.
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APPENDIX 2A. PROFESSIONAL TRUCK DRIVER TASKS ANLYSISDATA
[SOURCE: FRIESEN, KAYE, AND ASSOCIATES, 1990].

Performance Objective 12:  Drive Defensively On Public Roads (Urban/Highway/Expressway)

OBJECTIVE:

The student will demonstrate the defensive driving skills required for urban, highway, and
expressway driving.

CRITERION TEST:

The student will demonstrate defensive driving techniques in a variety of road and traffic
conditions under supervision.

STANDARD:

The student will drive the tractor/trailer under various traffic and road conditions under the
supervision of the instructor to the standards prescribed in the instructor's checklist.

CONCLUSION:
Close supervision is required during the driving exercises.
Sub-tasks Enabling Objectives Skill/Knowledge
12.1 Apply search ability to scan to the Execute Search Techniques
techniques center, sides and rear . use distance scanning techniques

using prescribed
techniques and
patterns

knowledge of the
relationship of search
techniques to safe
driving under various
road, traffic and load

look way ahead (10 - 15
seconds) o

steer or am at imaginary
tar%et in the center of your
path of travel

scan to sides as well as
center of road

vary eye lead-time depending
on situation (city, highway,

conditions traffic, available sight
distance)

knowledge of look “all around” (kego eyes

overh clearance moving both near and far)

requirements . the sides

ability to judge
overhead clearance
reguirements

2A

scan to

periodically scan sides when
drivig?

use left-right-left technique
at intersections, crosswalks,
school zones, and in other
critical situations

consider blind spots when
scanning

check to the rear

monitor load and cargo
securement

monitor for tire fires
monitor adjacent and
following vehicles (check
mirrors several times a
minute)



Sub-tasks

1z.2

Manage Speed

Enabling Objectives

knowledge of the
relationship of 540
to safe driving, fud
economy and
equipment wear
under various road,
treffic and load
conditions

knowledge of the
relationship of speed
to stopping distance
under various road,
traffic and load
conditions

ability to assess
driving conditions and
adjust speed

Skill/Knowledge
Manage Speed
. be aware of conditions affecting safe
Speed _
: posted speed limits
traction
visibility

traffic conditions

road surface characteristics
load characteristics
steering characteristics

Manage Stopping Distance

. consider braking distance factors
vehicle speed
vehicle weight
condition of braking
components
condition of road surface

. consider driver response time
hazard identification

- physical reaction time

Maintain Safe Following Distance (i.e. avoid

tailgating)

. use timed interval principles
normal conditions equal 1
second for every 10 feet of
vehicle length
add extra time for hazardous
conditions (1second for
night, 1 or more for weather
and road characteristics and
1 more for motorcycles)

Negotl ate Curves

reduce speed prior to curve
downshift if necessary

. judge radius of curve

- use proper following distance

keep trailer fully in lane on curve
maintain power while going through
curve

frequently check blind side mirror

on right turns move towards the
center line

on left turns move towards the
shoulder
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Sub-tasks

12.3 Manage space

Enabling Objectives

knowledge of the
relationship of
tractor/trailer
positioning relative to
various road, traffic
and load conditions

knowledge of the
relationship of
tractor/trailer
positioning relative to
stopping distance
under various road,
traffic and load
conditions

ability to assess
driving conditions and
adjust space
accordingly

Skill/Knowledge

Manage Space To The Rear

* avoid sudden stops or other moves
maintain safe following distance
reduce speed, if necessary, when

others want to pass
Manage Space To The Sides
. position vehicle properly
remember width of vehicle
and lane width
keep vehicle centered in your
lane
position vehicleto account for trailer
tracking when taking curves

. avoid cutting across lanes to
straighten out a curve
Manage Space Above

determine trailer height when empty
(trailer, stack and fairing heights

vary)

i ensure adequate clearance at:
bridges and underpasses
low wires
tree limbs

building structures

. overhead signs

. clearance heights indicated to be
less than 6 inches above the trailer
height should be checked

- be aware that clearances can change
(i.e. under bridge when loaded but
not when unloaded; in warehouse
when loaded but not out)
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S biaks
12.4 Drive
defensively

Enabling Objectives

knowledge of
provincial traffic
codes

ability to consistently
obey Provincial
Highway Treffic
Codes

knowledge of sound
communication, speed,
gpace and search
techniques for driving
under various road,
traffic and load
conditions

ability to consistently
apply sound
communication
techniques while
driving

2-37

Skill/Knowledge
Execute Left Turns

. turn signa on well in advance of
turn

. get in proper lane well in advance
of turn

. try to make eye contact with
drivers/pedestrians

. wait to make turn with front wheels
pointed straight ahead

. don’'t cut comer too short

. don't cut comer too tide

. don’'t shift during turn

- control speed

. keep both hands on wheel

. enter proper lane on cross street

. cancel turn signal promptly

[ ]

check mirrors during and after turn

- move towards the shoulder

Execute Right Tums

. tumsigna on well in advance of
turn

. get in right lane well in advance of
turn
select correct gear
try to make eye contact with
drivers/pedestrians

. determine, if necessary, where you

will borrow space for your turn as

circumstances and/or Provincial
Laws alow

k%ep traffic from passing on right
side

don't force way into intersection
don’'t cut comer too short

don’t cut comer too wide

avoid gear change during turn
control speed

keep both hands on wheel

enter right lane on cross street
cancel turn signal promptly
check mirrors during and after turn
move towards the center line



Sub-tasks

124 Drive
defensively

Enabling Objectives

knowledge of
provincia traffic
codes

ability to consistently

Provincia
Highway Traffic
Codes

knowledge of sound
communication, speed,
space and search
techniques for driving
under various road,
traffic and load
conditions

ability to consistently
apply sound
communication
techniques while
driving

Skill/knowledge

Cross Through Intersections
check mirrors

. cover the brake

. gear down for intersection

- reduce speed and make eye contact
with stopped cross traffic

. look left/right/left

. yield to pedestrians, other vehicles if
necessary

. avoid making lane change in
intersection
avoid gear shifts in intersection

Come To Stop At Intersections

. check mirrors for following traffic

n signal stop in advance by tapping
brake

. use brake before using clutch

. use engine brake, exhaust brake or

retarder when permitted
select proper gears

. do not coast to a stop

e stop short of line or in sight of lead
vehicle rear wheels

. do not make sudden rough stop
. do not allow vehicle to move while
waiting

select appropriate gear for takeoff
keep clutch depressed while stopped
monitor traffic all around while

_ stopped
Starting From Intersection
look left/right/left on starting

- on one-way street look
right/left/right

. do not roll back on start

make smooth, even get-away

check mirrors
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Subtasks
24 Drive
% defensively

Enabling Objectives

knowledge of
provincial traffic
codes

ability to consistently

Provincia
Highway Traffic
Codes

knowledge of sound
communication, speed,
space and search
techniques for driving
under various road,
traffic and load
conditions

ability to consistently
apply sound
communication
techniques while
driving

Skill/knowledge

Cross Railway Crossings

stop, look and listen at unmarked
crossings

. look and listen for warning devices

. reduce speed

. downshift

. look both ways

. open window to listen if necessary

. check for second track hazard

. do not shift gears on tracks

. avoid brake application while on
tracks

. when stopped for train neutralize
transmission and apply parking
brake

. stop if transporting dangerous goods

Change Lanes

check sidemirror  in direction of
intended lane change

assess gap to confirm that it is large
enough to allow tractor-trailer to
make lane change

activate signal well in advance
recheck mirror

do shoulder check to cover blind
spot

initiate partial lane change to
straddle lane divider

maintain partial lane change
position momentarily

recheck mirrors

complete lane change steadily and
quickly

cancel signa

Pass On Left (multi-lane)
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avoid passing on right whenever

possible

pull out (execute lane change

procedure)

compl ete pass as quickly as possible
do not linger in other
driver's blind spot
watch left front wheel of
vehicle being passed



Sub-tasks

12.4 Drive
defensively

Enabling Objectives

knowledge of
provincid traffic

codes

ability to consistently
obey Provincial
Highway Traffic
Codes

knowledge of sound
communication, speed,
gpace and search
techniques for driving
under various road,
traffic and load
conditions

ability to consistently
apply sound
communication
techniques while
driving
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Skill/knowledge

Mergin
[ ]

check passing side mirror to assess

gia:ﬁvate signal well before pulling
back into lane

return steadily but quickly to the
origina lane

cancel signal

g

check main road for suitable gap
activate signals

align the rig on the acceleration
lane

check plane mirror to observe the
selected gap

check convex mirror for vehiclesin
far lanes trying to move into the

gap : .

check convex mirror for vehicleson
the ramp behind the trailer pulling
out to merge into the same gap
adjust speed to accommodate merge
point

enter gap steadily and quickly
cancel signal

know your exit numbers (names> so
that you can plan well ahead

move to correct lane well beforehand
signal early

maintain speed

enter exit lane as early as possible
reduce speed before reaching exit
ramp curve

avoid braking on the travelled
portion of the main highway or in
the curve

use merging procedure to enter new
highway or secondary road



Sub-tasks

124 Drive
defensively

Enabling Objectives

knowledge of
provincial traffic
codes

ability to consistently
obey Provincia
Highway Traffic

Codes

knowledge of sound
communication, speed,
space and search
techniques for driving
under various road,
traffic and load
conditions

ability to consistently
apply sound
communication
techniques while
driving

2-41

Skill/Knowledge

Drive Downgrade (mountains)

Drive
[ ]

check brakes before descent
compressor maintaining full
reservoir pressure
dack adjusment correct
no audible air leaks
glad hands and air lines
secure

pay attention to signs indicating
angle and length of grade

select proper gear before descent

do not attempt down shifts on very
steep slopes

alow drive train to assist in
controlling downhill speed

use engine brake or exhaust brake
when necessary

apply brakes intermittently (no more
than 10 p.si.)

do not fan brakes

do not shift into neutral and coast
use escape ramps to avoid runaways

Upgrade

pay attention to signs indicating
angle and length of grade

check brakes at bottom of upgrade
build momentum on approach
select proper gear before ascent
keep engine revs high enough to
anticipate gear changes

position vehicle in far right hand
lane or in truck lane

stay in lane, do not pass unless
absolutely necessary

use four-way flashers before speed
drops below traffic speed

monitor coolant and oil temperature
gauges for signs of overheating



Sub-tasks

12.4 Drive
defensively

Enabling Objectives

knowledge of
provincia traffic
codes

ability to consistently
obey Provincia
Highway Traffic

Codes

knowledge of sound
communication, speed,
gpace and search
techniques for driving
under various road,
traffic and load
conditions

ability to consistently

apply sound
communication

techniques while
driving

Skill/Knowledge

Drive At Night
. slow down to compensate for
reduced vision
i do not drive when fatigued
adjust to low or varied roadway
illumination
do not overdrive headlights
avoid blinding others
avoid glare from oncoming vehicles
keep cab lighting to a minimum
communicate earlier (signals, horn,
stops)
. increase following distance
Drive In Winter Conditions
. implement cold wesather starting
procedures
. execute proper operation on slippery
surfaces
start gently
make periodic brake
applications (when safe) to
check traction
be aware of black ice
check mirrors
adjust turning and braking
to road conditions
check trailer when braking to
detect possible jackknife
adjust speed to road
conditions and visibility

adjust space to road
conditions and visibility

d install chains where required by
regulation
b suspend driving when conditions get
very bad
o avoid wet brakes.
eep light lication
througr?flo%p(fed areas

dry out brakes with steady
gentle application
. suspend driving whenever conditions
are personaly uncomfortable
(fatigue, poor visihility, stress,
preoccupation, etc.)

2-42



Performance Objective 13:

OBJECTIVE:

Emergency Maneuvers

The student will be able to explain emergency braking and steering techniques.

CRITERION TEST:

The student will take a written test on emergency braking and steering techniques and a
simulation test using models.

STANDARD:

The student will achieve an 80% standard on the written and simulation test.

CONCLUSION:

Written and simulation testing will be required.

sub-tasks
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13.2

Demonstrate
specified
emergency
situations
using models

Explain
emergency
braking and
steering
techniques

Enabling Objectives

knowledge of the
handling
characteristics of
tractors and
tractor/trailer
combinations

knowledge of the
consequences of loss
of vehicle control

ability to utilize
models to
demonstrate
consequence of loss of
control

knowledge of braking
and steering
techniques in
emergency situations

Skill/Knowledge

Evasive Steering

brake to lower speed before reaching

obstacle if there is sufficient
distance

do not brake while turning

start evasive steering as soon as
emergency is redlized

turn only enough to clear the
obstacle

use the hand-over-hand steering
technique

counter-steer as soon as front of
trailler clears obstacle

evade to right if vehicle is oncoming



Sub-tasks
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Explain
emergency
braking and
dearing
techniques

Enabling Objectives

knowledge of braking
and steering
techniques in
emergency situations

Skill/Knowledge

if obstacle ahead is in your lane
move left into oncoming lane if clear
otherwise evade to shoulder

if object is in middle lane of multi-
lane road use whatever lane is clear
otherwise keep straight

for merging vehicles first blast horn
then swerve away if necessary

if swerving away puts truck in path
of an oncoming vehicle then
sideswipe rather than collide head
on

Execute Emergency Braking

use controlled braking (i.e. apply
brakes just short of “wheel lockup”
and maintain steady pressure on
brakes)
use cadence braking
ly brake full
?g% brake pa¥t|ally when
wheels lock
when wheels begin to roll
(1/2 to 1 second> reapply
brake

Execute Of-Roed Recovery

brake before turning to educe speed
as much as possible

avoid braking while turning

keep one set of wheels on pavement
if possible

maintain as straight a course as
possible

if roadside is clear stay on roadside
until vehicle comes to a complete
sto

if r%adsi de blocked dow as much as
possible and turn wheel carefully
toward roadway

as soon as front wheel rides up on

surface turn quickly in the direction
of the roadway

Recover From Brake Failure

2-44

if surface level then downshift until
able to use spring loaded parking
brake

look for escape paths (side roads,
open fields, upgrades, vehicle escape
ramps)

create drag (scrub tires against curb,
drive into heavy brush, small
bushes)



sub-tasks
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Explain
emergency
braking and
steering
techniques

Enabling Objectives

knowledge of braking
and steering
techniquesin
emergency situations

Skill/Knowledge

Recover from Blowouts

when afront tire blows:

: grasp whesl tightly in
reaction to sound or front
end drop
avoid braking
maintain speed until vehicle
is stabilized
alow vehicle to Sow

gredudly
pull offroad and brake gently
to a stop

when a rear tire blows:

avoid braking

alow vehicle to dow and
then ly brakes gentl

pull o?ﬁ%gd and brgke gently
to a stop

Recover From Tractor/Traler Skids

2-45

remove foot from brake immediately
ease off accelerator

disengage the clutch

use corrective steering techniques
(i.e., steer in the direction of skid)
use countersteering technique to
avoid overshoot

use countersteering technique to
avoid fisntailing



3.0 DRIVER WORKLOAD INDICATORS AND MODELS

Introduction

The review of workload measure-s and related data is scheduled for Task 4 of this project. However,
apreliminary look at driver workload measures and modelsis provided here. This section is
formatted in the form of outlined annotations which cover the criteria of Section 1.0. The materials
here are not exhaustive of the literature in driver workload assessment and models but rather provide
arange of approaches. These approaches and illustrative studies in which they have been applied will
be critically reviewed in Task 6.

Burger. W. J., Smith, R. J., & Ziedman (February, 1989). Supplemental electronic in-cab
truck displavs. An inventorv of devices and approachesto their evaluation (Report No. DOT HS

807 411). Santa Monica, CA: Vector Enterprises, Inc.

Synopsis.

Data Type:

Task Listing:

Task Structure:
Driver:

Timeline Analysis:
Driver Information
Needs:

Operational
Validity:

Driving
Conditions;

This source contains descriptive material and areview of various classes of in-
cab devices which are currently available for use in heavy vehicles. These
were categorized as singlefintegrated displays, information systems, navigation
systems, positioning systems, communication systems, and vehicle safety
systems.  Of particular interest for our purposes is the fact that an estimate of
the visual, cognitive, and motor workload imposed by the various devices was
provided. Thisis the only task analysis information in hand regarding the in-
cab devices rather than driving tasks per se.

Forma analysis.

A sampletrip recorder task description isincluded (see Figure 3.1). None
othersper se. In Table 3.1, ataxonomic phrase is used to indicate the nature
of adevice display, controls, and the processing functionality.

See Figure 3.1.

No driver sample described.

None.

None explicitly described. Each in-cab device provide information specific to
Its purpose.

N/A.

Table 3.2 reports workload estimates imposed by truck activity (e.g., moving
forward, parked, stopped, backing).



FIGURE 3.1. EXAMPLE TASK SEQUENCE WITH IN-CAB TRIP RECORDER
[SOURCE: BURGER, SMITH, ZEIDMAN, 1989].
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TABLE 3.1. DRIVER LOADS (ESTIMATES) ASSOCIATED WITH

SELECTED IN-CAB TRUCK DEVICES
[SOURCE: BURGER, SMITH, & ZEIDMAN, 1989).

TILE BEVICE BISPLATS TOHTROLS PROCESSING i TOTOR  PROC.
tt AGAD __LOAD  LOAD
SINGLE/INTESRATED DISPLAYY
204 EASY WEISH NUM-DIS L STA-LIP PuSH NUM OUT/OLANCE L L L
211 CHARLIE STA-UP PUSH SLANCE L L L
225 FURL TACH MIT0I8 & ANL-DIAL NONE . NUIM OUT/OLANCE L NONE L
244 CARGO SAVERI NUM-DIG & AUDIO & STA-LIP 7 NUEY QUT/GLAMCE n ? L
2S1A  1CDE PRO IV HU1-DIG & STA-UP PUSH & CONT-ROT NUP OUT/GLANCE L " L
2518 MODE PROV NUM-DIE & STAAIP PUSH TEXT OUT/BUANCE n ¢ ™
253 DB2120IGITAL/BARCGRAPH  NUM-DIG & ANL-BAR PUSH NURY QUT/BLANCE " L 2]
255 ETECH HONE HONE NONE NONE NOME  NOWE
258 DIGITAL TEMP. CONTROL SYS.  NUPH-DIG & STA-LIP FUNCT KEY TEXT OUT/FUNCT L] " "
260  ARGOEDH NUPL-DIB & AML-OIAL PUSH NUM QUT/GLANCE L L L
261 TIACS MU-DIB NONE IN CAB HUM OUT/GLANCE L NONE L
218 ELECTRONIC DASH NUM-IG & ANL-DIAL SANL-BAR ASSUME PUSH NUM QUT/REPEAT/FUNCT L L 1
2268 AUDIT CART-TXT PUSH N1 QUT/REPEAT/FUNCT Mt n Ln
227  ELECTRONIC DASHBOARD NUET-OIG & ANL-BAR & AML-DIAL ASSUME PUSH Nt QUT/REPEAT/FUNCT [T L e
243 DOECH ALP/N-0I0 1 TEXT QUT/GLANCE L ? ]
248 wvip AUDIG & STAASP HONE BLANCE L NOME t
TEXT COMMUMICATIONS SYSTENS
262 MOI 7031 L STAUP PUSH & NUFt KEY TEXT OUT/FUNCT n n n
263 104 9031 cRT-TXT FULL-KEY & CONT-ROT TEXT 1-Q/PNCT N H [

FLE OEVICE DISPLAYS CONTROLS PROCESSTING VISOAL HOTOR  PROC.

X 1OAD___LOAD __ LOAD
VEMICLE INFORMATION SYSTENS
2074 FISS 1330 (BASIC) -0lg PUSH & DISC-RAT HIBH FUNCT L n ]
2078 FMSS 1330 (OPTIONAL) ALPIIDI6 NURUFUNCT KEY NURY QUT/FUNCT ] " "
2084  CADEC 100 STALLHP HONE GLANCE L NOHE L
2088  CADEC 200 & 300 ALPNI-DIG PUSH & MIM-KEY TEXT OUT/FUNCT " " n
209  FLEEY DATA MASTER ALPIHI-DIG NUUFUNCT-REY TEXT QUT/FUNCT [ " ]
213 UNIPARS ALPINRTDE 1 FUNCT n ? M
214 SILENT 1000 ALSMIDIS PUSH M QUTALOW FUNCT ] L n
2174 TRIPMSTR ( wKEY INPUT) NONE INSERT L. CARD NONE NOHE L NOHE
2178 TRIPMSTR ( w ORIVERINPUT)  MI1-0I8 PUSH & DISC-ROT FUNCT M M M
217C  TRIPMSTR ( w DRIVERKEY)  ALP/NUM-DO MEVFIOIKEY TEXT QuUT/ANCT M v "
220 DATA-COM ALPMI-DIG NUF OR FUNCT-XEY N OUT/ANCT M M n
222 SYSTEM 7000 ALP/NI-DIS NUM/FYXH-KEY TEXT 1-O/FUNCT M M M
240  DRIVERINFORMATION SYS, CAT-TXT TOUCH SCREEN FUNCT M M n
F2-20 () AP0 FUNCT-KEY NUM DUT/RNCT M M "
249  ELECTROMIC RECORDER NONE NONE NONE NONE NONE NONE
263 Mo ALP/NSDI FUNCT-XKEY TEXT 1-0/RNCT M M M
264 ALIK ALPANRTDIS NU-KEY TEXT QUT/FUNCT M "
VEMICLE MAVISATION SYSTERS .
228 TRUCK TRACXER CRT-TXT/GRAPH 1 ? ” (]
246 NAV-COM CAT-TXT/GRAPH 7 CONT RECOR 1 » nH
254 OPRATRACS CRT-TXT/GRAPH 3 TEXT QUT ? » 1
270 ETAK HAVISATOR CRT-TXT/GRAPH 7 TEXT 1-0/CONT/FUNCT [} 1 e
VEHICLE TRACKING SYSTENS
203 RDSS ALPH/NUIN-0I6 FULL-KEV TEXT 1-0/CONT/FUNCT " " M
236 It MORROW VTS STA-UP PUSH/ DISCR-ROT REPEAT QLANCE/RUNCT L n n
256  ROCKWELL POSITIONINS SYS. 7 1 ? ? r ?
-3 BEVICE ~ DISPLAYS CONTROLS PROCESSTNE ~
™ LOAD ___LOAD OAD
VEMICLE SAFETY SYSTENS
205  CARVISIONSYSTEM 9300 CRT-PICT & STA-UIP PUSH & CONT-ROT CONT REC08 L] L e
226A  MODEL 750 CRT-PICT & STA-UP PUSH CONT RECOS L] L €]
231 AUTOMOTIVE WATCHCAR CRT-ACT & AUDIO NONE CONT RECOB n NONE L-H
238 CARDAR AUDIO & ANL-BAR? ? 2 13 ?
241 PETRO-GUARD AUDIO 8 MM-DIB NONE REPEAT GLANCE L NONE L
245 TATMETALE AUDIO & STA-LMP & ANL-DAR  NOMNE REPEAT GLANCE ] HONE ]
2474 E85 1013 AL-BAR NONE REPEAT GLANCE L NOME L
2478 EBS 3060 ADIO & STA-LIP NONE GUANCE L NOHE L
265 BACK SENSOR AUDIO & ANL-DIAL PULL & CONT-ROT REPEAT GLANCE L L L
229  EAGLEEYE AUDIO & STA-IP NONE aanct L NONE L
[RE¥ To ABREVIATINS 15D
DISPLAYS CONTROLS PROCESSING
ANALOS (AML) PUSHBUTTON (PUSH) XNOW FUNCT. OR CODES (FUNCT)
OIGITAL [D16) PULL ACTIVATICN(PULL) TEXT INPUT & QUTPUT (TEXT IN0UT)
PICTORAL (RICT) FULL KEYBOARD (XEY) TEXT QUTPUT ONLY (TEXT OUT)
GRAPHIC (SRAPH) NUMERIC KEYPAD (NUM KEY)  NUFERIC OUTPUT ONLY (MUY OUT)
TEXT [TXT) FUNCTION KEYPAD (FUNCT KEY) OCCASIONAL UPOATE (GLANCE)
ALPHABETIC (ALPH) CONTIN. ROTARY (CONT ROT)  FREQUENT UPOATE [REP QLANCE)
NUFERIC 0AR1) DISCRETE ROTARY (DISC ROT)  CONRNIOUS UPDATE (CONT RECO3)
CRT (CAT] TOUCH SCREEN (TCH SCR)
AUDIO LAUDIO)
STATUS (STA)
LA (UP)

33




TABLE 3.2. IN-CAB DISPLAY & CONTROL DEMANDS AS A
FUNCTION OF VEHICLE STATUS,
[SOURCE: BURGER, SMITH, & ZEIDMAN, 1989].

IN-CAB DEVICE DEVICE DISPLAY DEVICE GONTROL
DEMANDS DEMANDS
LOW HIGH LOW HIGH
“SINGLE/INTEGRATED DISPLAY
EASY WEIGH PKD N/A PKD N/A
CHARLIE Fwh N/A FWD N/A
FUEL TACH FwWD N/A N/A N/A
CARGO SAVERII WD N/A PKD N/A
MODE PRO IV FwD N/A FWD N/IA
MODE PROV FwD N/A FWD N/A
DB212 DIGITAL/BAROGRAPH w0 N/A FWD N/A
ETECII N/A N/A N/A N/A
DIGITAL TEMP CONTROL SYS.
ARGOEDM FWD N/A FWD N/A
T MACS FWD N/A N/IA
ELECTRONIC DASH FWD N/A FWD N/A
AUDIT ? ? ? ?
ELECTRONIC DASHBOARD ? ? ? ?
DDEC Il FWD N/A FWD N/A
VIP FWD N/A N/A N/A
TEXT COMMUNICATION SYSTEM
MDI 7031 N/A FWD STP N/A
MDI 9031 FWD FWD FWD STP
VEHICLE INFORMATION SYSTEM
FVISS 1330 (BASIC) NIA STP STP STP
AVES 1330 (OPTIONAL) N/A STP STP STP
CADEC 100 AAD N/A N/A N/A
CADEC 200 & 300 FWD STP FWD STP
FLEET DATA MASTER FWD N/A FWD STP
UNIPARS STP N/A STP N/IA
SILENT 1000 FWD STP FWD STP
TRIPMSTR wKEY INPUT) N/A N/A N/A N/A
TRIPMSTR ( w DRIVER INPUT) N/A STP STP STP
TRIPHSTR ( w DRIVER KEY) FWD STP PAD STP
DATA-com ? ? ? ?
SYSTEM 7000 FWD STP FWD STP
DRIVER INFORMATION SYS. FWD FWD FWD STP
TC-l FWD STP FWD STP
ELECTRONIC RECORDER N/A N/A N/A N/A
MOG N/A STP N/A STP
AL100 N/A STP N/A STP
NAVIGATION SYSTEMS
TRUCK TRACKER ? WD FWD
NAV-COM ? 3%] ? WD
OVNITRACS ? FwD ? FWD
ETAK NAVIGATOR ? WD FWD FWD
TRACKING SYSTEMS
ROSS N/A STP N/A STP
1 MORROW VTS N/A STP N/A STP
ROCKWELL POSITIONING 5YS ? STP ? STP
VEHICLE SAFETY SYSTEMS
CAR VISION SYSTEM 9300 STP BCK STP N/A
MODEL 750 STP BCK STP N/A
AUTOMOTIVE WATCHCAM ? BCK/FWD? ? N/A
CARDAR ? BCK ? N/A
RETRO-GUARD STP N/IA STP N/A
TATTLE TALE STP N/A ? ?
EBS 1013 STP N/A STP N/A
EBS 3060 STP N/A STP N/A
BACK SENSOR STP N/A STP N/IA
EAGLE EYE STP N/A ? N/A

KEY TO ABREVIATIONS

FWD =MOVING FORWARD ONROAD

STP =STOPPED ON /OFF ROAD
PKD=PARKED

BCK «BACKING

N/A =CONTROL/DISPLAY NOT AVAILABLE




Criteriafor
Safety Thresholds:

Usefulness
of Data:

Risk Taking
Behavior:

Reviewer:

None explicitly given. Refersto glance frequency datafromAntin, Dingus,
Hulse, and Wierwille (1986) and indicates the strong relation between number
of glances and percent trials where a lane crossing occurred.

Asafirst approximation to the workload imposed by in-cab devices of the
type to be evaluated by the workload protocol, this report has extremely high
relevance.

Not discussed.

L. Tijerina

Ellingstad, V. S. (1970). A driving task analysis. In V. Eliingstad, Lniurv control in traffic safetv

(pp. 176 - 200).
Data Type:

Task Listing:

Task Structure:
Driver:
Timeline Analysis:

Driver Information
Needs:

Operational
Validity:

Formal analysis.

A listing of driver tasks (rather than driving) is given:
search and scan tasks (number and nature of inputs);

. perceptual task (identification and recognition; relating perceived
information to information stored in memory);
decision task (risk taking and decisions to engage or not engagein a
maneuver);

. physical response (wheel movement to control placement on roadway;
accelerator and brake pedal movementsto control speed)

None given.

None specified.

None.

This chapter describes driver processes in general terms. For example, search
and scan tasks make use of roadway geometry, traffic density, surface

condition, and rate of traffic flow. Car following requires the perception of a

gap between own car and leading car, cues for velocity. No further level of
detail is provided.

Unknown. This is a formal analysis, not an empirical one. May apply
equally to al vehicular control (e.g., car, truck, bus, tank, etc.).
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Driving
Conditions;

Criteriafor
Safety Thresholds:

Usefulness
of Data:

Risk Taking
Behavior:
Methodology:

Reviewer:

None specified.

None given.

Not particularly useful for workload purposes. The driver tasks are apparent;
their nature is not..

Nothing of note mentioned.
Essentially aliterature review and synthesis.

L. Tijerina

Noy, Y. |. (1990). Selective attention with auxiliary automobile displays. Proceedings of the
Human Factors Society 34th Annual Meeting (pp. 1533 - 1537).

Noy, Y. I. (February, 1990). Attention and performance while driving with auxiliarv in-vehicle
displays (Report No. TP 10727). Ottawa: Transport Canada.

(Note: These two reports cover the same experiments and so are discussed together).

Synopsis.

Data Type:

Task Listing:

Task Structure:

Driver:

Timeline Analysis.

Driver Information
Needs:

Thiswas asimulator study of tbe driving performance effects of avisual
search task (Perception) and amemory task (Sternberg paradigm), both
administered viaa CRT and responded to vialeft-foot presses of one or the
other of two switches.

Moving base simulator study.

Driving task was to drive a car over awinding road and maintain constant
lane position and follow alead truck at a constant headway of 50 meters (3

seconds of headway at a speed of 60 kph). Driving task difficulty was
assessed through variationsin radius of curvature.

None given.

A totd of thirty (30) healthy male and female (college) student volunteers.
None were truck drivers and the smulator was not a truck simulator.

None.

None described as part of the experiment.
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Operational
Validity:

Driving
Conditions:

Criteriafor

Safety Thresholds:

The author describes the auxiliary tasks as similar to those involved in
complex in-cab device interactions such as navigation displays (for perception
task). Relevance of memory task not described. Neither task can be judged
an acceptable (or unacceptable) analogue of in-cab device interactions without
ataxonomic basis. While visual search is considered part of map reading, a
taxonomic basis was not provided and so it is difficult to determine, for
example, just how similar a Sternberg task is to land navigation device
interaction. Driving performance degraded due to intrusion by auxiliary
tasks, but only the perception task datais presented by name.

One of the studies reported attempted to increase the utility for focusing on
the CRT auxiliary tasks by monetary incentive. No modification (i.e., even
more extreme driving degradation than previously observed) in workload
allocation was found. Author interprets this to mean that attention allocation
is automated for experienced drivers and resistant to short-term reallocation. |
disagree and suggest that it would have been better, to test the utility
hypothesis, to try and entice the subjectsin the direction of the primary task,
given that they already showed a propensity to let primary task performance
degrade. Relevance of this smulator study to real driving needs validation
because the all ocation strategies may indeed be quite different.

Simulated two-lane roads taken from aroads library were used. Daylight,
low-to-no traffic, good weather conditionssimulated. Straight and circular arc
road segments were sequenced differently for different trials to insure unique
road geometry but essentially the same driving conditions and demands.

Primary driving measures of time to lane crossing (TLC), standard deviation
of lane position, standard deviation velocity, and headway all affected by
auxiliary tasks.

Usefulness

of Data: This study, while it does only indirectly address the issue of driver workload
for driving tasks, does indicate measures which appear sensitive to intrusion
effects (at least for the auxiliary tasks and range of difficulties used).

Risk Taking

Behavior: None.

Reviewer: L. Tijerina

Unknown. (Undated). Evaluation of high-technology driver displavs. Interim briefing on

progress of Task 4.2, Evaluation of High-Technology Driver Aids.

Data Type:

Formal analyss.
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Task Listing:

Task Structure;

Driver:
Timeline Analysis.

Driver Information
Needs:

Operational
Validity:

Driving
Conditions.

Criteriafor
Safety Thresholds:

Usefulness
of Data;
Risk Taking
Behavior:

Reviewer:

None.

A data collection taxonomy is offered to characterize in-cab devices (See
Table 3.3), but its utility is unclear at this point.

None.

None.

Indirectly given by sensory system used when interacting with a device.

Not applicable.

None.

None.

Such a characterization may have value in estimating the workload imposed by
adevice. It should be explored further in later phases of this project.

None.

L . Tijerina

Verwey, W. B. (1991). Towards quidelines for in-car information management: Driver workload
in specific driving situations (Report No. I1ZF 1991 C-13). The Netherlands: TNO Institute for

Per ception.

Synopsis:

Thiswas aworkload assessment study using three secondary tasks. One was
aVISUAL task which involved the subject saying “ Yes’ (in Dutch) if a two-
digit number appeared on avisua display mounted on the dashboard; two
xx'swere displayed when the numeralswerenot. AVISUAL-COGNITIVE
task involved adding 12 to the visually displayed number (when presented)
and saying theresult out. A COGNITIVE ONLY task was the same as the
preceding task but the two-digit number was presented auditorily (i.e., no
visual component). Eye glance measures and driving measures (steering
wheel activiaion rate, speed and its standard deviation, time to merge,
distance required to merge, speed when merging had finished, time of braking
before an intersection, distance of braking before an intersection, and speed
while braking before an intersection) were also measured.
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Data Type:

Task Listing:

Task Structure;

Driver:

Timeline Analysis.

Driver Information
Needs:

Operational
Validity:

Driving
Conditions.

Criteriafor
Safety Thresholds:

Usefulness
of Data:

Risk Taking
Behavior:

M ethodology:

Reviewer:

On-the-road data collection in aVolvo 240 station wagon.

No driving tasks listed as such. Drivers drove a route which included
merging/exiting, a straight motorway, a roundabout, a simple right turn, a
complex turn left including crossing a bicycle lane, and straight rural road
wherebicyclesare alowed.

None.

Twelve male and twelve female car drivers. Half of each group was
inexperienced (e.g., licensed less than one year and had driven less than
10,000 km) and the other half was experienced (e.g., licensed for five or
more years and had driven more than 10,000 km per year). Mean age = 28
yrs. for experienced drivers and 21 yrs for inexperienced drivers.

None.
None specified
High, for automobile driving.

Incomplete description. Driving done at three different times of the morning
and three different times of the afternoon to capture differencesin traffic
density.

None given.

Indicatesthat visual and cognitive workload while driving can be assessed
through steering wheel actuation rate and mirror glance frequency. A
significant effect of experience was found on secondary cognitive task
performance. Visual load affected all drivers. Author admits further research
needed for verification.

None mentioned.

Secondary task, visual allocation, primary driving measures.

L. Tijerina
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Allen, T.M., Lunenfeld, H., and Alexander, G.J. (1971). Driver information needs. Highway
Research Record, No. 366. Washington, DC: Highway Research Board. pp. 102-115.

Note:

Synopsis:

Method(s):
Task Listing:

Safety
Criticality:

TimeLine
Analysis.

Detailed Human
Performance
Descriptions:

This article summarizes a portion of alarger report. Because of the summary
nature of the article, it is difficult to assess the usefulness of the source data
for the truck driver workload project. It isrecommended that the complete
report be acquired and reviewed, if it can be obtained. Reference:  Alexander,
King and Warskow. Development of Information Requirements and
Transmission Techniquesfor Highway Users. AL, Division of Cutler-
Hammer. Nov. 1967.

A driver task analysis was performed to enable information required by
drivers to be identified. The task anaysis divided driving into several
interrelated subtasks which are hierarchically organized. Tasks differed in
time scale, “primacy” (i.e., priority) and in the level of cognitive activity
required. A graphical model of the driving task (See Figure 3.2) was
presented to illustrate the relationships.

Three mgjor task divisionswere identified: (&) control or micro-performance
tasks (i.e., steering and speed control), () guidance or situational
performance tasks (i.e., responding to specific situations such as weather,
traffic or road conditions) and (c) navigation or macro-performance tasks
(e.g., pre-trip planning, direction finding). A sample of the task analysisis
atached.

Eight categories of driver information needs were identified: (1) vehicle
micro-performance, (2) advisory, restrictive or inhibitory (ARI) micro-
performance, (3) road micro-situational, (4) traffic situationd, (5) ARI
situational, (6) service macro-performance, (7) directional macro-performance
and (8) ARI macro-performance. Table 3.5 presents the information needs for
thedirectiona macro-performancecategory.

Analysis based on observations of drivers.

Primary tasks, but not well defined inthe article. See Table 3.4.
None.

The task listing appears to be sequential in nature, but no frequency or
duration data are supplied.

Perceptual, cognitive and motor requirements are described, but not with the
detail needed for this project. No task loading data.
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FIGURE 3.2. DESCRIPTION OF DRIVING
[SOURCE: ALLEN, ET AL .; 1971]
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TABLE 3.4. VEHICLE CONTROL TASK ANALYSIS

[SOURCE: ALLEN, ET AL.; 1971]
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TABLE 3.5. DIRECTIONAL INFORMATION NEEDS
[SOURCE: ALLEN, ET AL., 1971]
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Subjects:

Driving
Conditions;

Operational
Validty:
Risk Taking
Behavior:

Usefulness
of Data:

Reviewer:

Subject characteristics not stated.
Urban freeways & one long distance trip. Actual conditions not stated.

Appears high for car drivers; unclear for truck drivers.

Not discussed.

This summary article lacks the detail needed to be useful in this project.
S. Kiger & M. J. Camot

Stein, A.C., Parseghian, Z., Allen R.W. and Hayes, J.T. (1990). The Development of a Low-
Cost Portable System for the Detection of Truck Driver Fatigue.
Association for the Advancement of Automotive Medicine, October |-3, 1990, Scottsdale, AZ.

Synopsis.

Method(s):

The status of efforts to develop a portable, low-cost device for evauating
fatigue in commercial truck drivers was presented in this conference paper.
The development focused on the use of a Sub-critical Tracking Task ina
driving simulation to detect fatigue-induced driving impairment.

The device developed was a static, PC-based, part-task truck simulator which
included included an instrument panel (IP), steering wheel, pedals and seat.
The Sub-critical Tracking Task, described as “ moderate workload,” was
incorporated into the longitudinal speed and the lateral placement subsystems
of thevehicle. A secondary task (not described in the paper) was
incorporated in the truck side “ mirrors.”

Seventy professional truck drivers participated in 200 demonstration runs of
20 minutes duration. Experimental runs were conducted either before or after
the driver’s work shift. Independent variables were: before/after work shift
and run segment (10 segments per run). Dependent variables used were: (a)
mean response time to secondary task, (b) RMS of response time, (c) mean
lane position, (d) mean vehicle speed, (€) RMS of speed, (f) RMS of steering
wheel activity, (g) RMS of gas pedal activity and (h) RMS of lane position.
An ANOVA indicated no significant differences between means for either the
mean response time or lane tracking variability. For all other measures,
significant before/after effects were observed. Interaction effects between
before/after and 2-minute run segments were observed for al variability
measures (except lane tracking) and aso for mean speed.

Simulated truck driving with secondary task (not specified).
315



Task Listing:

Safety
Criticality:

Time Line
Analysis.

Detailed Human

Performance
Descriptions:

Subjects:

Driving
Conditions;

Validity
| ssues:

Risk Taking
Behavior:

Usefulness
of Data:

Reviewer:

None.
None.

None.

Nonefor driving tasks. Data presented was limited to four graphs of primary
task performance (see Figure 3.3).

Seventy truck drivers employed by anational trucking company. No dataon
subject characteristicswas given.

Unspecified levels of simulated gusting wind and speed perturbations. Other
conditions were not described.

Realism of driving task. Mean response time and RM S of lane position were
reported to be consistent with full scale tests.

Not addressed.

Thisarticleis of little help in the development of atask analysis. However,
potential measures of primary task performance are suggested which could be
used in simulated or actual driving later in the project.

S. Kiger
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FIGURE 3.3. DRIVING PERFORMANCE DATA
[SOURCE: STEIN, ET AL., 1990].
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Taoka, G.T. (1990). Duration of Drivers Glances at Mirrors and Displays. LTE Jaurnal,
October 1990, pp. 3539.

Synopsis:

Method(s):
Task Listing:

Safety
Criticality:

TimeLine
Analysis.

Detailed Human
Performance
Descriptions:
Subjects:

Driving
Conditions;

Validity

| ssues:

Risk Taking
Behavior:

Usefulness
of Data:

Reviewer:

Log-normal probability distributions were fit to experimental data published
by Wienvilleand Rockwell for visual tasks performed by car drivers. The
visual tasks included looks to: the radio, left mirror, right mirror,
speedometer, temperature gauge, defroster and roadway name sign.

Percentile estimates of glance durations were cal culated for each task based on
the distributionsfit.

Statistical data anaysis.

No task analysis performed.

None.

None.

None.

No driving experiments conducted.
None.

Significant differences may exist between truck and car driver visual
alocation.

Not discussed.

No task analysis was performed. Estimates of driver glance durations for
several visual taskstypically performed by car drivers are presented. Whether
these data are applicable truck driversis not known, as there are significant
differences between truck and car driving (e.g., vibration, cab layout, etc.)

M.J. Carnot & S. Kiger
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Hale, A.R., Quist, B.W., and Stoop, J. (1988). Errorsin routine driving tasks: a model and
proposed analysistechnique. Ergonomics. Vol. 31. No. 4, pp. 631-641.

Synopsis:

Method(s):

Task Listing:

©oo~N

An occupationa safety model for the analysis of “individual behavior inthe

face of danger” was applied to driving to assist in identifying the causes of a
certain class of accidents at a specific intersection in the Netherlands. At this
intersection, a large number of drivers from the minor road were struck,
while crossing or turning left, by fast-moving traffic on the second lane of a
dividedmajor highway. A key characteristic of these accidents was the failure
of the at-fault driver to detect the oncoming car. The overall objective of the
study was to identify accident countermeasures for the site.

The occupational safety model used was a hierarchical model of performance

(i.e., input, processing and output) at three levels of functioning: skill based,
rule based and knowledge based functioning (see Figure 3.4). Froman
analysis of accident data and on-site observations (not described), a proposed
model of “ideal” behavior for drivers approaching on the minor road at the
intersection in question was presented (see attached). Using the “ideal”
behavior model, a discussion of driver errors at the intersection was included,
Interviews with drivers on the minor road at the intersection were conducted

to obtain data to validate the proposed model, but he data obtained were

“unreliable” and could not be used.

Anaysis.

No detailed listings. Only avery genera (i.e., vague) listing of driver tasks

at an intersection were presented.

L Approach crossroad and observe (from signboards, road layout +

memory of where in the journey he is) that Winsum crossroad is

ahead.

Select appropriate Krimpenerwaard crossing programme.

Slow speed (and change gear).

L ook |eft.

If traffic is approaching, and there is no time to cross safely in front

of it, then stop and give way (switch to more conscious level of

control).

6. If no traffic is approaching, or thereistime to cross safely in front of

it, then accelerate (and change gear).

Slow speed (and change gear). .

Look right.

If traffic is approaching, and there is no time to cross safely in front

of it, then stop and give way (switch to more conscious level of

control).

10.  If notraffic is approaching, or there istime to cross safely in front of
it, then accel erate (and change gear).

11.  Reselect normal road programme.

ISHIESE S
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FIGURE 3.4. MODEL OF INDIVIDUAL BEHAVIOR IN THE FACE OF DANGER

LEVEL OF
FUNCTIONING

Knowledge:

Rules
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[SOURCE: HALE, QUIST, AND STOOP, 1988].
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Safety

Criticality: None.

TimelLine

Analysis: None.

Detailed Human

Performance

Descriptions: None.

Subjects: Not described.

Driving

Conditions: Not described.

Validity

| ssues: Proposed model was not validated.

Risk Taking

Behavior: The article stated that a person engages in risk assessment at the knowledge-
based level of functioning. Errors and accidents occurring here would involve
such factors asignorance of risk, conscience preference for speed over safety
or preoccupation with one problem at the expense of others.
The authors suggested that there is “scope” for risk homeostasis at both the
rule-based and knowledge-based level sof functioning.

Usefulness

of Data: Not useful. No task analysis presented. Insufficient detail in proposed model.
Model not applicable to U.S. driving. Model not validated.

Reviewer: M. J. Camot & S. Kiger

Drory, A. (1985) Effects of rest and secondary task on simulated truck-driving task
performance. Human Factors, 27, 201-207.

Data Type: Modified Redifon light motor vehicle simulator.
Task Listing: Primary task: Basicdriving
Secondary task: Light-canceling vigilance task with an average
frequency of onelight every 40 sec.
Secondary task: V oice communication four times during each 15

minute block. Driver reads the two least significant
digitson odometer.

Task Structure; None.
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Driver:

Timeline Analysis:

Safety Criticality:

Driver Information

Needs:

Operational
Validity:

Driving
Conditions.

Criteriafor

Safety Thresholds:

Usefulness
of Data:

Risk Taking
Behavior:

Methodol ogy:

Reviewer:

Sixty professional truck drivers. Mean age = 39. Mean experience = 3
years with alarge mining firm.

None.

Driver fatigue hypothesized to be safety critical.

Driver had to maintain a*“reasonable speed.” Had to slow down or brake for
leading simulated truck at random intervals.

Driver validity high. Simulator validity unspecified but probably low (e.g.,
“appearance of adimly lit road surrounded by a black, featureless
environment”).

Simulated night driving for a7 hr (12 PM to 7 AM) shift. Six minute rest
period every 15 minutes.

Tracking error, steering wheel reversals, brake responses and reaction time
and control-light response time recorded but not explicitly related to safety.
Subjective fatigue checklist administered 15 minutes prior to end of
experiment.

Results showed that performance and perceived fatigue were significantly
higher when the voice communication secondary task was added. L ess effect
for secondary vigilance task. Extra 30 minute rest period alleviated reported
fatigue but did not alter performance. Note that the secondary task was
intended to increase driver arousal and improve primary-task performance.
While this did occur, these data cannot easily be used as an index of workload
because primary-task performance was altered by the insertion of the
secondary task.

Not explicitly mentioned. However, brake reaction time was faster with the
secondary vigilance task present which may haveimplicationsfor risk taking.
Dual-task.

B. Kantowitz
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Haight, F. A. (1969?). A mathematical model of driver alertness. XXXXXXXX, 367-378.

Data Type:

Task Listing:

Task Structure;
Driver:

Timeline Analysis:
Safety Criticality:
Driver Information
Needs:

Operational
Validity:

Driving
Conditions;

Criteriafor
Safety Thresholds:

Usefulness
of Data;

Risk Taking
Behavior:

Methodology:

Reviewer:

Automotivedriver collision avoidance model (10 parameter).

Collision avoidance task is divided into (i) “ Hazard” - danger perceived by
driver, (ii) “ Scanning Process’ - the process of sampling the hazard state, and
(i) “ Avoidance Manoeuvre and Risk” - a manoeuvre (e.g., braking) is
executed only when the scanned hazard is judged to be above arisk threshold.

“Hazard,” “ Scanning Process,” and “ Avoidance Manoeuvre and Risk” are
grictly sequentid.

Conceptua driver population characterized only in terms of parameter
variations that might be used for individual differences.

One example shown that istypical of what might be derived from model
outputs.

Model isfocused on one accident potential scenario.

Model implicitly identifies limited internal information (e.g., risk threshold)
and gross external information (re: hazard).

No validation in this report, but may have evolved since paper was written.

Conditions not specified but some environmental variations are conceptually
possible with parameter variations.

This models could yield performance criteriato a very limited extent (e.g.,
probability that acollision would occur under specified condition variations).

Temporal safety margin and other safety-related distribution could be explored
to limited extent using model.

Modeled in terms of danger-hazard perception function, scan rates, risk
tolerance.

Thismodel’s “ minimum scan rate” attentional parameter could be related to
outcomes (e.g., accident/no accident); hence, provides an attentional workload
measure of potential relevance.

A. Bittner
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Hancock, P. A., Wulf, G., Thorn, D., and Fassnacht, P. (1990). Driver workload during
differing driving maneuvers. Accid. Anal & Prev., 22, 281-290.

Data Type:

Task Listing:

Task Structure:
Driver:

Task Analysis:
Safety Criticality:
Driver Information
Needs:

Operational
Validity:

Driving
Conditions.

Criteriafor
Safety Thresholds:

Usefulness
of Data:

Risk Taking
Behavior:

M ethodology:

Reviewer:

On theroad in automobile.

Right and left turns.

None.

18 staff from USC. Mean age = 30.
None.

Motor cycle-automobile crashes occur predominantly when auto makes a left
turn into path of oncoming motorcycle.

Not specified.

High for automobiles.

Urban streetsin Los Angeles.
None.

Used both TLX and SWAT subjective mental workload scales. Smple RT
probe asynchronous secondary task. (Note:  Analysis of probe response error
was incorrect.) Eye blinks and head reversals recorded. Results were
interpreted as supporting structural interference and resource competition both
play an important role in detection failures during left turns.

Not discussed.
Dual task, eyeblinks and head reversals, and subjective rating scales.

B. Kantowitz

Harms, L. (1991). Variationsin drivers cognitive load: Effects of driving through village
areas and rural junctions. Ergonomics, 34, 151-160.

Data Type:

On-the-road automobile driving in village and rurd areas in Sweden.
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Task Listing:
Task Structure:

Driver:

Timeline Analysis:

Safety Criticality:

Driver Information
Needs:

Primary driving task. Secondary arithmetic subtraction task.

None.

Experiment 1. Nineteen professiond drivers from a private salvage
organization. Instructed to drive as “they would usualy do.”

Experiment 2: Fourteen non-professiona drivers

None.

Inverse relationship found between driving speed and cognitive load. (Note:
This replicates Harms 1986 which related cognitive load to safety directly.)

Not very specific - only village versus urban driving.

Operational

Validity: Strong empirical support for secondary-task methodol ogy for automobile
driving.

Driving

Conditions: Urban and rural. Other conditions not specified.

Criteriafor

Safety Thresholds: None.

Usefulness

of Data: Excellent indication of cognitive spare capacity.

Risk Taking _

Behavior: Not formally discussed in article. However, result that “processing demands
arising from the traffic environments of village areas and rura junctions were
higher and caused a substantial increasein thedrivers cognitive load although
the drivers actually reduced their speed in those environments’ hasimplication
for risk homeostasis hypothesis.

M ethodology: Dual task.

Reviewer: B. Kantowitz

Kuruu, C. N, and Morrow, B. W. (1979?). A causal model for single vehicle accidents. In
HS 801979 XXXXXXXX, 535549.

3-25



Data Type:

Task Listing:

Task Structure:

Driver:

Timeline Analysis.

Safety Criticality:

Driver Information
Needs:

Operational
Validity:
Driving
Conditions:

Criteriafor
Safety Thresholds:

Usefulness
of Data:

Risk Taking
Behavior:

General armchair analysis of single vehicle accidentsincluding, acausal factor
taxonomy, and consideration of use of model in countermeasure development.

Accidents are seen as involving one of a number of mutually exclusive tasks:
(i) “ Maintaining Course, (ii) “ Vehicle Control,” (iii) “ \Vehicle Avoidance,”
(iv)“ ObstacleAvoidance” and (V) “Hazard Response” that occur in the
context of a specific preaccident maneuver (e.g., Going Straight, Curve
Negotiation, etc.).

Drivers accomplish tasks following asequence of:  Search (for Situations),
Identification (of situation as potential problem), Evaluation (of alternative
responses), Decision (selection of response), and Driver Action (making
response) that isfollowed by Vehicle Action.

Driver is categorized with respect to five causal factor categories: (i)
Adeep/Unconscious, (i) Physical Deficiency, (iii) mental Perception, (iv)
Driving Deficiency. These, in turn, are broken down in more detail (e.g.,
Adeegp/Unconscious may arise from Injury/Iliness, Fatigue, Alcohal, etc.).
Source suggests timeline of drivers tasks in each situation as described in Task
Structure. [It does not indicate frequencies of Task, but suggests use of
frequencies of causal factorsin selecting countermeasures.]

Source does not indicate what tasks are critical from a safety standpoint

(though accident analysis using its taxonomy might produce such alist for
heavy vehicles).

Model is not explicit with respect to nature of information types and cues.

Frequencies of some general motor accident features are provided as a context
for model (e.g., 95% of single vehicle accidents involve driving on shoul der
at some point).

Aimed at avariety genera Vehicle and Environment Causal Factors.

None explicated.

Causal Factor Categorization useful in identifying aspects that need to be
specifiesin driver workload protocols.

Risk taking behaviors are not addressed as such.
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Methodology:

Reviewer:

Formal analysis of single vehicle accidents provided atask structure and a
causd factor taxonomy.

A. Bittner

MacDonald, W. A., and Hoffman, E. R. (1980). Review of relationships between steering
whed reversal rate and driving task demand. Human Factors, 22, 733-739.

Data Type:

Task Listing:

Task Structure;
Driver:

Timeline Analysis:
Safety Criticality:
Driver Information
Needs:

Operational
Validity :

Driving
Conditions;

Criteriafor
Safety Thresholds:

Usefulness
of Data:

Risk Taking
Behavior:

Methodology:

Reviewer:

Review including on the road, test track, and simulator driving.
N/A

None.

Not specified.

None.

Relationship between steering wheel reversals and task demands depends on
the level of task difficulty relative to the driver’s capacity to cope with it.

Lane width and width of car.

Can’t be evaluated without reading the cited studies.

Not specified.

Someimplicationsfor driver experience and possible overload.

Useful warning of amajor limitation in interpreting steering wheel reversal
rate. Traditional interpretation that reversals are “a measure of task load” is
cdled into question. Low reversal rate could indicate either low or very high
task demand. For high task demands low reversal rate could indicate a
decrease in attention to the steering task.

Not discussed.

Analytic eva uation based upon models of attention and capacity.

B. Kantowitz
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Malone, T. B., Krumm, R. L., Shenk, S. & Kao, H. (1972). Human Factars Criteria for
Vehicle Controls and Disulavs (Final Report for DOT-HS-120-1-174)). Alexandria, VA: Essex
Corporation (DOT HS-800 742).

Data Type:

Task Listing:

Task Structure:

Driver:

Timeline Analysis.
Safety Criticality:
Driver Information
Needs:

Validity:

Driving
Conditions;
Criteriafor

Safety Thresholds:

Usefulness
of Data:

This study was directed toward developing criteri afor standardizing control
locations in cars, trucks, and buses using: (i) (eg.,
paper studies of commonality, criticality, etc.) asameans of identifying
standard control and display panel locations; (ii)

to evaluate three beam control locations; and (iii) An.Qn-frack Study to
evaluate the effects of familiar and unfamiliar control location. These latter
two studies were directed at respectively validating the paper analysis
approach and need for commonality in panels.

Driving tasks were characterized only for the two evaluation tasks. [The

“ Driving Andog” involved placing abeam control to High, medium or low
on verbal command while simultaneously tracking three exterior lightswith
thewheel. “ On-track” involved speed of locating controls and displays while
simultaneously driving thetrack course,]

None.

Drivers were identified sparsely in thisreport. “Six subjects’ were identified
in the Analog Study and " 16 male and 9 female car drivers’ for the On-Track
study.

None.

Source does not indicate what tasks are critical from a safety standpoint.
Information needs are not directly assessed (though criticality and other
scaling of displays might be used to address thisissue.

Source provides some empirical datafor the two experimental evaluationsto
suggest avalidation of the earlier Display-Control Analyses.

N/A excepting to the On-Track study where apparently only ideal daylight
driving conditionswereexperienced.

Nonegiven.

Studiesillustrated dangers of using Time alone as a sole criteriafor workload.
Time and Errors were both impacted by the different experimental conditions
in both evaluation studies (with uncontrolled time-error tradeoffs apparent).
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Risk Taking
Behavior:

Methodology:

Reviewer:

Risk taking behaviors are no addressed as such.

Display and control analyses were combined with limited laboratory analog
and on-track studiesto derive and partialy validate criteriafor standardized
control locations in cars, trucks, and buses. Evaluation experiments contra-
indicate use of time as sole measure of workload.

A. Bittner

M& night, A. J., Shinar, D., and Hilburn, B. (1991). The visual and driving performance of
monocular and binocular heavy-duty truck drivers,_Accid. Anal. & Prev., 23, 225-237.

Data Type:
Task Listing:
Task Structure:

Driver:

Timeline Analysis:
Safety Criticality:

Driver Information
Needs:

Operational
Validity:

Driving
Conditions;

Criteriafor
Safety Thresholds:

Usefulness
of Data:

Risk Taking
Behavior:

On the road and test track truck driving.

See attached table.

None.

40 monocular and 40 binocular heavy truck drivers. Average age = 45.
Average years of truck driving experience = 21.5 (monocular) or 16.8
(binocular). [Difference not significant.]

None.

Tasksin attached table are considered safety critical, especially for monocular
drivers, based upon previous research cited in article.

Visua performance test battery to measure static visual acuity, dynamic visua
acuity, low illumination acuity, glare resistance, glare recovery, visual field,
depth perception, and contrast sensitivity.

High: Empirical results.
Day and night. On-street and off-street.
Not discussed explicitly.

No tasks performed in the highway environment showed differences between
monocular and binocular drivers.

Not discussed.
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Methodology:

Reviewer:

Test battery correlated with driving measures.

B. Kantowitz.

TABLE 3.6 DRIVING PERFORMANCE MEASURES
[SOURCE: McKNOGHT., SHINAR, AND HULBURN, 19911.

Driving Performance

Driving Measure

Related Visual Task

Lanekeeping - The ability to
maintain the position of the
trailer within lane boundaries.

Gap Judgment - The ability to
judge distance from other
vehicles.

Mirror Checks - Use of head
and eye movement to
compensatefor limitationsin
visual field.

Clearance Judgment - The
ability to judge distance
between the trailer and
structures behind.

Information Recognition - The
ability to correctly read and
interpret signs at a distance.

Trailer lane excursions.

Acceptancelrgjection of gaps
when crossing, entering, or
making aleft turn across
traffic.

Duration of mirror fixations
during lane changesand
Merges.

Performing an alley dock
maneuver.

Responding to lane markings
and to signs created to call for
an immediate response.

Static visua acuity.

Visual acuity, depth
perception.

Visual search.

Visual acuity, depth
perception.

Visua acuity.
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Reid, L. D. (1981). A survey of recent driver steering behavior models suited to accident

studies. Accident Analysis& Prevention, 34, 23-40.
Data Type: Automotive driver steering models (8) published between 1975-1980 suited to

Task Listing:

Task Structure:

Driver:

Timeline Analysis:

Safety Criticality:

Driver Information
Needs:

Operational
Validity:

Driving
Conditions:

Criteriafor
Safety Thresholds:

Usefulness
of Data:

accident studies.

Steering “control” aspect of driving task. (This can be thought of as alowest
part of the hierarchy of: (i) “navigation”, (ii) “guidance,” and (iii) “control.”)

DRIVEM (Wolf & Barrett, 1978a&b), one of the models, breaks the steering
task into three sequential components. (i) detection of critical event (scanning
etc.), (ii) decision on required action, and (iii) open and/or closed-loop
control.

Various populations used to develop models. Parameter variations used to
characterize individua differences.

None shown but can be typically derived from model outputs.

DRIVEM characterizes 11 accident potential scenarios involving vehicle-

following, merging, right-angle conflicts, and stationary obstacles.

Models are implicitly very specific with regard to information drivers
use/need (e.g., roadway curvature).

DRIVEM and other model structures probably have evolved since this paper
was written. Certainly other model types have emerged (e.g., Optimal
Control). Validation of modelsislimited at best at the time of this report.

Conditions not specified but some environmental variations possiblein some
models.

DRIVEM, and other models to some extent, provide performance criteria

(e.g. probability that an accident will occur under specified conditions aad
their variations).

Temporal safety margin and other safety-related distributions can be
established using models.
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Risk Taking
Behavior:

M ethodology:

Reviewer:

Not formally discussed. However, many risk taking behavior effects can be
assessed using models (e.g, as asimple parameter variation, “speeding
effects’ can be assessed directly).

DRIVEM, and other models to some extent, incorporate implicit task
analyses. These analyses are expressed in their model structures.

A. Bittner

Walton, N. E., and Messer, C. J. (1973?). Warranting fixed roadway lighting from a
consideration of driver workload. XXXXXXXX, 9-21.

Data Type:

Task Listing:

Task Structure;

Driver:

Timeline Analysis.

Safety Criticality:

Driver Information

Needs:

Operational
Validity:

Automotive driver workload (TR/ITA) model for various roadway and lighting
conditionsfor usein determining warranted lighting.

Driving task is divided into a hierarchy of levels:
(i) “ Positional” informational search and control,
(i) “Situational” information search, and

(ii1) “Navigationd" information search. .

Drivers service their information needsin a cyclic order with Positional
requirements meet before Situational, and Situational before Navigational (as
time permits).

Driver model parameters based upon: (i) various mean values observed in
variousfield conditions, and (ii) values extracted from previously established
values.

Task timelines could be derived from model but are not given in paper.

Model identifies “positional” control needs as paramount for safety, but
“gtuational” needsare certainly critical aswell. These distinctions appear of
limited value in terms of assessing impact of applying new technologies within
heavy vehicles.

Model is explicit with respect to nature of information types and cuesvis-avis
positional, situational, and navigational information needs.

No validation in this report beyond limited parameter selection based upon
small studies and previous models, but may have evolved since paper was
written.
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Driving
Conditions;

Criteriafor

Safety Thresholds:

Usefulness
of Data:

Risk Taking
Behavior:

Methodology:

Reviewer:

Aimed at avariety of roadway and lighting conditions.

Model indicates a workload safety threshold that is isomorphic with the Tie
Required (TR) being less than the Time Available (TA): TRITA < 1.

TRITA approach has historically proven valuable in military and commercia
arcraft settings. Bittner and Morrissey (1990) note that: (i) the historical
criteriais TR/TA <.7, and (ii) TR variance and other important aspects are
not addressed by the criteria.

Not explicitly modeled (though vehicle speed could be used as a surrogate).

Theconceptual positional-situational-navigationa hierarchy appearsa
reasonable starting point for analysis of awide range of situations. TR/TA
and extensions are likely to be value for analysis of device task interactions
(cf., Bittner & Morrissey, 1990).

A. Bittner

Mourant, R. R., and Rockwell T.H, (1971) Vlsual scan patter ns of nowceand experlenced

drivers. In Psycholoeica

[1.2.A, pp. 1-19). Washlngton D.C. Department ofTransportatlon NHT

Data Type:

Task Listing:

Task Structure;

Driver:

Timeline Analysis:

Safety Criticality:

Analysis of novice and experienced car driver eye-movements during five on-
road tasks with three levels of training.

Drivi ng tasks were characterized grossly as.
() “Sop Sign ",

(i) “Stop Sign 2,”

(iii) “ Traffic Light,”

(iv) “Approach L eft Turn,” and

(v) “Approach Right Turn.”

None.

Novice drivers were 16-17 years old with 20/20 vision and |ess than 15 min.
behind wheel and experienced were 21-43 years with at least 8K miles per
year over last 5 years.

N/A.
Source does not indicate what tasks are critical from a safety standpoint.
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Driver Information
Needs:

Operational
Validity:

Driving
Conditions.

Criteriafor
Safety Thresholds:

Usefulness
of Data:

Risk Taking
Behavior:
M ethodology:

Reviewer:

Summary

Eye fixation data suggest directions of the sources of information (not specific
cues).

Source provides general eye-fixation locations based upon empirical results.

Apparently only ideal daylight driving conditions.

None explicated.

Eye-movement data provide: (i) an assessment of time spent collecting
information and an indication of direction, an (ii) ameans of assessing eye
movement changes accompanying training. These can be useful in assessing
various time-based workload metrics with training (e.g., TR/TA).

Risk taking behaviors are not addressed as such.

Empirical study of novice and experienced car driver eye-movements during
five on-road tasks.

M. McCdlum

Burger, Smith, and Ziedman (1989) indicated in their report that assessments of truck driver workload
are nonexistent and, indeed, very little is known about (car) driver load and spare capacity. The
references reviewed in this section provide a preview of the diverse methods and outcomes that exist.
In particular, however, it should be noted that estimates of driver loads, by driving task and driving
conditions, simply are not available.

Driver workload assessment poses aconundrum.  In order to develop workload protocols, one must
have at least some idea of what driver workload is but one can’t know what the workload is without
some workload protocol (or other estimates). Workload information is useful in selecting and
developing methods that measure the ‘right’ thing just as duration of driving tasks isimportant to
know because this suggests about how fast or slow the workload measure must be to capture the
workload effect. Thisis akin to knowing that, for example, when a doctor needs to know patient
temperature under given circumstances athermometer rather than a stethoscope is needed. (This does
not denigrate the usefulness of stethoscopes, only their appropriateness for this particular case).

The end product of this project will be aworkload assessment protocol which is suitable for
measuring the driver workload impact of introducing high technology in-cab devices. To help us get
to thisgoal, preliminary SME subjective estimates of driver loads and limited observational data
probably hold the best hope for us to overcome the conundrum introduced above. Thereisarisk that
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such estimates will be too coarse or perhaps will mislead, but at this point in the project there seem to
befew aternatives. The course of this project should allow us to refine our methods over time and
the task analysis information we seek now should allow usto pick very good, if not the best, paths to
workload protocol devel opment.
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4.0 SAFETYRELEVANTCRITERIA

[ ntroduction

One of the goals of Heavy Vehicle (HV) driver workload evauation isto relate, if possible, the levels
and types of workload to safety, particularly accident rates. This s an ambitious goal, but one that if
achieved could be extremely valuable. Under ideal circumstances, an analyst would be able to assess
incremental workload created by the introduction of extra equipment or a system into the vehicle cab.
The analyst could use a procedure that related the increase in workload to the predicted increase in
accident rate either for the vehicle fleet, or say, per 100 million vehicle miles.

Of course, no matter what procedure is developed, it will be criticized. There are limits to the
accuracy with which such predictions can be made. Nevertheless, even though such predictions may
be somewhat in error, they would go along way toward specifying acceptable levels of workload for
HV drivers.

We have uncovered several potential forms of “safety-relevant criteria,” that is, methodol ogies that
may be capable of predicting accident rates based on workload level or incremental workload
increases. None of these is well-developed at the present time. They do however show potentia for
predicting accident rates.

Perel’ s Philosonh

Perel (NHTSA, 1976) examined accident rates using a North Carolina data base. He attempted to
relate these accident rates to in-vehicle incompatibility problems by examining reported causes. He
found that it was possible to determine the proportion of all accidents caused by specific in-vehicle
tasks. For example, he determined the proportion reported to have been caused by lack of attention
to driving while tuning the in-vehicle radio.

Perel’s goal was to determine which in-vehicle problems were inducing higher accident rates. He
could then study such problemsin greater detail to determine why they were causing accidents. This
approach, though subject to reporting inaccuracies (as Perel has already indicated) is nevertheless
capable of predicting accident rates based on “diversion of driver resources’ or workload.

Assume that we can get moderately accurate accident rate data for, say, ten or more in-vehicle tasks
that make different demands on driver resources, particularly visual resources. Then, if the accident
rate increases as a function of visual resource usage, we can perform regression to fit the best line or
curvetothedata. It then becomes possible to predict the accident rate based on avisual resource
usage parameter. Multiple regression could be used if more than one driver resource isto be
included. Thisis a powerful approach, and, though subject to inaccuracies, probably represents the
best available and most feasible approach to development of safety-relevant criteria.



Visual Resource Parameters Approach

An approach closely related to Perel’s approach is to directly examine visual parameters, under the
assumption that thereisalimit (whether soft or hard) to which these may be diverted from driving.
Theideaisthat only alimited incursion into the visual resource istolerable (Wierwille, 1992,
Rockwell, 1988).

The specific visuad measures of interest when considering visua load of in-cab devices are usually the
following:

mean single glancetime

mean number of glances

total glancetime (sumsof individual glance times) and
mean (interstitial) roadway glancetime.

Mean single glance time is considered to be ameasure of difficulty in extracting information. Such
glance times ordinarily range between 0.6 and 1.6 seconds, with longer values associated with
difficulty of information extraction. Number of glancesis ameasure of number of steps or complexity
of procedure of performing the in-cab task. Number of glances ranges from about 1 for simple check
reading to about 7 for difficult navigation tasks. Total glancetimeisaglobal assessment of the visud
demand of an in-cab task and thus represents the “taxing” effect such atask has on the driver’'s visual
resource. Finally, mean roadway glance time may be assessed in some cases and is a measure of
“road load” of the driving task. For example, when faced with a potential conflict in the forward
scene, glance time to the roadway increases markedly (Wierwille, Hulse, Fischer, and Dingus, 1988).

Some researchers have attempted to place limits on mean single glance time and mean number of
glances (Wierwille, 1992). For example, Zwalen, Adams, and DeBald (1988) submit that single
glance times should not exceed about one second and number of glances should not exceed 3.
Wierwille has suggested “that mean single glance lengths of 1.25 seconds should be considered
acceptable, although values shorter than thisare preferred.  This later duration is at the conservative
end of the average glance durations for car radio operation [ 1.27 to 1.42 seconds| reported by
Rockwell (1988). Interms of number of glances, alimit of about 6 is probably acceptable,
particularly when mean single glance times do not exceed 1.25 seconds.

These estimates are based on the idea that small incursions into the visual resource are acceptable and
that large ones are not.  The values suggested above are within the range derived from data on visual
alocation to commonly used in-cab systems [HVAC, radio, etc.]. It is assumed that such subsystems
interactions are reasonably safe, an assumption which is open to challenge by Perel’slogic, among
others. If amore scientific basis can be found or developed for specifying bounds on visual
parameters, then safety relevant criteria follow. It should be possible to show that the safety-relevant
aspects of driving are compromised when visual incursions exceed certain thresholds for a given set
of conditions. For example, Antin, Dingus, Hulse, & Wierwille (1986) found astrong relationship
between glance frequency to the in-cab display and percent trials where lane crossings occurred but
found no reliable relationship between glance duration and percent trials where lane crossings
occurred.
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Thisisapromising approach and is useful in performing side-by-side comparisons of in-cab devices.
Such devices can be rank ordered in terms of their visual demands. The main problem that remains
is determining ascientific rationale for setting threshold values.

Harm’ s Concept

In arecent study of driver cognitive load performed in Denmark, Harms (1986), used an auditory
second task. The task involved responding to rapidly presented arithmetic problems. Harms showed
that reaction times were longer when driving speeds were lower. These lower speeds occurred in
villages where cognitive load for drivers was believed to be higher.  Thus, Harms concluded that the
secondary task could successfully be used to assess driver cognitive load.

In addition, she examined accident rates at various 100 meter stretches of roadway and compared
them to cognitive load. She found a direct relationship between the two, although no correlation
coefficient or other measure of agreement was presented.

The Harms approach suggests that cognitive load may be directly linked to accident rate, whichin
turn suggests the possihbility of developing safety-relevant criteria based on the concept. There are
some difficulties associated with Harms' concept. Hicks and Wierwille (1979) showed that secondary
tasks of digit shadowing and of occlusion were not sensitive to variationsin handling difficulty
created by random crosswinds. This suggests that only certain types of driver load may be assessed
by certain secondary tasks. That is, secondary tasks must be selected which tap into the same driver
resources as those |oaded by primary task demands or else afinding of “no effect” is to be expected.
Furthermore, the Harms study may not be generadizableto the U.S. because of large differencesin
roadway design between urban areas of Europe and the U.S.  Vdidity of the results obtained by
Harms needs to be determined by replicating the experiment in other areas using other experimenters.

Finally, there is the problem of intrusion. The secondary task in Harms' research was presented
auditorily using earphones. It would thus likely be intrusive in any in-vehicle task having auditory or
verbal components. Furthermore, it is difficult to envision use of an additional secondary task when
the driver is attempting to perform an in-vehicle task while driving. Sincethein-vehicletask isalso a
secondary task, the two secondary tasks would have to compete with one another. While embedding
is possible, there are no research results for such an approach. In spite of these difficulties, the
concept of having a probe task, the results of which are known to predict accident rate, is certainly an
appeding one. A key element to the success of probe tasks for predicting safety is athorough
understanding of what exactly it isthey are measuring. Until some taxonomic basisis used to
characterize such tasks, this key element will prove elusive.

Time-to-Line Crossing (TLC) Concept

Godthelp and his colleagues (Godthelp, Milgram, and Blaauw, 1984) have developed aso-called TLC
model to determine when drivers must obtain a new visual sample of the roadway. The concept
involved in thiswork is similar to a much older one developed by Senders, Kristofferson, Levison,
Dietrich, and Ward (1967). They demonstrated that if the driver’s forward view is occluded, there is

an uncertainty buildup withtime. The driver then needs another sample, or will immediately slow the
vehicle.
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TLC (time-to-line crossing) is much the same, but hypothesizes that the uncertainty is directly related
to the amount of time it would take for the vehicle to cross either of the two lines marking the driving
lane, assuming the steering wheel is held constant. This time represents a “safety margin” in that,
when there is no traffic, the vehicle is safe aslong as it remains in its lane.

Since TLC can be calculated assuming transverse disturbances are small, it represents aform of safety
relevant criterion. To see how this could be applied, consider that between visual samplesto the
roadway adriver attempts to perform in-vehicle tasks. Aslong as the driver returns glance to the
forward view in atime less than TLC, there should be no problem in controlling the vehicle. Thisis
tantamount to specifying the maximum length of time the eyes can be off the forward view.

The TLC concept has shortcomings. It does not account for traffic, emergencies, or crosswinds and
transverse roadway disturbances. Furthermore, HV's are subject to greater variation in their
trajectories when steering is fixed than are automobiles (HV's require more careful steering control).
Thus, uncorrected TL C-derived values would permit much longer glances into the heavy vehicle than
would ordinarily be considered safe. Perhaps the concept could be extended to include these other
issues. However, we might as well go back then to Senders et a's original concept, which is based
on occlusion measurement and information theory.

Manual L oading Approach

It is possible to develop safety-relevant criteriafor manua loading in a manner similar to that
described earlier asthe Visual Resource Parameters Approach. The approach is based upon measures
and cutoff values, as previously described.

For manual loading the most important measure appears to be “hand-off-wheel time.” To

obtain this measure, drivers are instructed to begin the task with both hands on the wheel and to
return the used hand to the wheel on completion of the task. Hand-off-wheel time then becomesa
measure of total manual demand of an in-cab task. Additional measures having some value are hand
transition time in each direction (that is to the control from the wheel and vice versa) and actuation
time (the time that the hand is on the contral).

Since vehicle control is probably not as precise with only one hand on the wheel, it may be possible
to relate manual demands to safety. Furthermore, there may be an upper limit or threshold value
which, say, hand-off-wheel time should not exceed. There are at present no data on which to specify
such athreshold, thus limiting the potential application of such an approach. Furthermore, it is at
least theoretically possible to drive for very long stretches with only one hand on the wheel (or no
hands if the roadway is level). Indeed, Viano, Patel, & Ciccone (1989) analyzed arm position from
films of 1,890 vehicles and reported that drivers used their armrest 34.4 percent time on the open
road and the driver’ sleft hand was on the steering wheel only 69.6 percent of the time when stopping
at intersections. However, heavy vehicles may be less tolerant of one-hand operation and the
configuration of American trucks implies many add-on devices will be positioned to the right of the
driver. Thus, drivers must use their [normally dominant] right hand for device manipulation while
attempting to steer with the non-dominant hand.
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Biomechanical Interference Approach

Heavy vehicle drivers depend heavily on their side view mirrors for situation awareness while
driving. Due to the presence of the trailer, rear view mirrors are irrelevant and head turning is often
of little use (especially in cabs with sleepers). Therefore, another safety-relevant criterion may be the
“biomechanical interference” induced by an in-cab device. This may be defined as the extent to which
the device, by its position and design, prompt the driver to lean out of the neutral driving posture.
This effect would, in principle, change the viewing angles to the side view mirrors and thus
compromise safety by effectively occluding vision to the road scene in back and to the side of the
driver. Thiseffect would also potentially affect control of the vehicle by changing foot angle to the
accelerator, brake, and clutch pedals, by perhaps increasing steering errors, and so on. Given that
some in-cab devices may be located a distance from the driver, this approach merits further
consideration.

As ameasurement problem, biomechanical interference potential might be quantified asfollows.
Reach envelopes (relative to the Seat Reference Point (SRP)) would be used to analytically determine
the degree to which adriver of a given size would have to leave the neutral sitting posture to
manipulatethedevice. It may be possible to describe a range of reach envelopes (e.g., 5%-ile
female, 5 %-ile males) beyond which device placement is unacceptable. Studies could be conducted
to determine the range of reaches beyond which visual angles to the side view mirrors are
unacceptably degraded or steering and pedal activation iscompromised. Givensignificant variationin
mirror size, shape, orientation, tractor trailer profile, and cab geometry, this could be challenging
work. However, such an approach would lend itself well to acomputerized prediction model.

Other Resource L oading Approaches

Theoretically, it is possible to assess any resource the driver may use to perform an in-cab task. We
have already discussed visual and manual resources in detail. There remain the cognitive, verbal,
auditory, and pedal resources. If we assume for the moment that various resources do not interact,
then individual limits could conceivably be specified for measures associated with each resource. On
the other hand, if the resources do interact, then some combined limit procedure must be used which
allows some trading of one resource for another.

The problem with the approach is that theoretically it is possible to use, say, the verbal resource
almost continuously without creating aknown, definitive hazard in driving.  Thus, specification of
limits may not be scientifically justifiable and therefore not defendable. AsWierwille (1992) has
pointed out, it may well be desirable to reduce visual load by using other resources. It is precisely
because these other resources are not as safety-relevant that they can be drawn upon.

Summary

Deriving the safety relevant criteriafor candidate measures of driver workload will proveto be a
difficult and scientifically heated endeavor. For any measurement technique, someone will question
itsvalidity and offer a counterexample or experimental contraindication.  Are these to be taken
serioudly or are they to be written off as some eccentric demonstration concocted to prove that,
theoretically, ‘it al depends ? For any recommended range of ‘acceptable’ or ‘ unacceptable

4-5



measures, someone could question their validity and generaizability. Tradeoffs will have to be made,
e.g., how acceptableisit to incur a dightly greater glance frequency for richer emergency traffic
information which can keep the driver from dashing headlong into harm’s way? From a statistical
population standpoint, where should criteriareside, e.g., is it defensible to only protect 95% of all
drivers? From a measurement standpoint, will the state-of-the-art allow for such precision in any
event? It may well be that the most prudent goal is to identify candidate criteria or measures with
which to conduct relative comparisons though this still begs a host of issues.

Perel’ s philosophy is, conceptually, an ideal approach to establish safety relevance. If only there
were sufficient data from accident reports to identify in-cab transactions that precipitated an accident.
If only there were a human performance taxonomy with which to characterize various in-cab devices
using acommon vocabulary. If only there were known relations between that vocabulary and driver
loads or resources. The models thus derived would go along way toward addressing some of the
issues mentioned in the preceding paragraphs. A great deal of work, including more refined accident
reporting, is needed to make this approach areality. Conversely, any in-cab device which improves
driver performance can only be inferred to reduce accidents since accidents are rare events based on
any exposure metric.

Given the primacy of vision to safe driving, the relevance of visua allocation measures is apparent.
Glance duration and frequency information has high face validity, has demonstrated relationshipsto
driving performance, and so will undoubtedly be a significant part of any useful workload assessment
protocoal. It is not a panacea, however. The suggestion to use existing visual alocation data for
conventiona in-cab systemsto derive safety relevant criteriais problematic to the extent that
conventional in-cab systems (e.g., complex stereo systems) may sometimes be dangerous to use
(though this might be partialled out by some means). Thevisua allocation (distinct from eye
movement measurement per se) approach will likely be useless for in-cab devices which have, say,
only auditory or kinesthetic-tactile displays. Wierwille (1991, submitted for publication) has made the
point that more refined eye movement measurements may be useful even in these circumstances
because high cognitive loading can lead to perceptual narrowing, manifested by atemporary
suppression of visua scanning needed for hazard detection. Nonetheless, the level of complexity for
data collection and analysis increases sharply.

Harm’s concept of relating secondary (or, indeed, any) workload measurements to driving safety is
troubling for the reasons mentioned earlier. The significance of the result rests on the fact that
variations in the secondary task varied with other observable indicators of workload (e.g., road type
and location in villages vs. open highways). Thus, one is prompted to ask what value the secondary
task measure provided that these other observables could not provide more directly? Similarly,
correlating variations in secondary task performance with accident rates per unit length of road is
fraught with problems, e.g., hazard exposure differences and assuming causation from a correlation.
(These problems, it must be said, plague all methods to some extent). The challenge (and the benefit)
of the secondary task approach liesin elucidating the locus of such effects and providing information
which cannot be gathered any other way. If visual alocation is judged to assess primarily structural
interference (you can't look foveally in two directions at once), then secondary tasks may
complement workload assessment by providing insights intQ central processing: limitations. However,
it remains to be demonstrated that visual alocation, in heavy vehicle driving, does not sufficiently
gauge, say, attentional deployment, thus making additional measures both useful and necessary.

4-6



The TLC measure has appeal as a primary driver workload metric for lane keeping. Others will aso
be sought out in Task 4 work (e.g., Steering Wheel Actuation Rate, pedal reversals, etc.). These
quality of driving measures should support a more direct relationship to safety on the road, but much
of this relationship may have to be developed by logical argument. For example, TIC isattractive
because it seems self-evident that crossing the centerline or the fog line degrades safety and reduces
the drivers options. One vexing aspect of driver performance, however, isthat ‘quality of driving’ is
broadly defined. Drivers do not necessarily try to maintain zero lane deviation, for instance, and so
increased lateral tracking error may not be nearly so important as, say, range of lateral excursions.

Manual loading and biomechanical interference have intuitive appeal and so should be considered
further. Given that truck drivers sometimes drive with only one hand, the impact of in-cab device
manipulation on safety is called into question. Perhapsiit should be, unless those manipulations are
for, say, visually guided movements. The taxonomy developed by Wierwille and presented in Section
1.0 (Table 1.1) becomes increasingly important for determining what manual loadings are safety

critical and what loadingsare not. Similarly, the degree of biomechanical interferencewhichis
alowableiscurrently undetermined.

Oftentimes, human factors professionals do not have cutoff values, thresholds, and firm guidelines
upon which to assess systems or influence their design.  In these cases we strive to minimize (e.g.,
glance frequency, resource competition), or maximize (range of adjustability) in arelative sense.
While opportunities for more absolute criteria do exist, safety relevant criteria may need to be
addressed in arelative way for the application of the to-be-devel oped workload assessment protocol.
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5.0 RISK TAKING AND WORKLOAD

[ ntroduction

Thereislittle doubt that some degree of risk is associated with virtually all important activities
engaged in by operators of motor vehicles. Thisiscertainly true of heavy vehicle drivers. It is not
surprising then that as models of driver behavior and theories of accident involvement have evolved,
the concept of risk has become a prominent component in virtually all these models (c. f., McKenna,
1988; van der Molen & Botticher, 1988). In fact, a special issue of the journal _Ergonomics (Volume
31, 1988) was devoted to the topic of “ Risky Decision Making in Transport Operation.” However, if
one examines the twenty-one papers presented in this issue of the journal anumber of research issues
relevant to our workload assessment study become clear. This section will summarize these points.

The Role of Risk in Models of Driving Behavior

In the most prominent models of driving behavior (Wilde, 19823, 1982h), there is a distinction
between two kinds of risk. First thereis objective risk which is quantified in a given domain on the
basis of the assimilation of stable relative frequency data over an extensive number of observable
periods (e.g., annual fatalities, probability of death per hour of driving time, etc.). The second type
of risk, subjective risk, refers to an individual’ s perception of the degree of risk associated with a
particular behavior. The relationship between these two variables forms the basis of an important
component of models of driving behavior.

For example, in Wilde's (19823, 1982b) Risk Homeostasis Theory, the model assumes that an
individual has a desired level of risk that he or she will maintain. Thislevel need not be and for most
individuals will not be some zero level. Such an assumption has been used to form the basis of
psychological models of genera risk-taking behavior (e.g., Coombs' Portfolio Theory, 1975), and
appears to have significant empirical support. In his model, Wilde (1982a) proposes that decision
making in driving behavior will be guided by the discrepancy between the perceived level of risk and
the desired level. “If the level of subjective risk is higher or lower than the level of risk desired, the
individual will take action in an attempt to eliminate this discrepancy (p. 212).”

Other models include the concept of subjective risk aswell. Naatanen and Summala (1976), for
example, have also developed a model of driver decision making that has perceived risk as a central
component. In their model there exists within the individual a "Subjective Risk Monitor”, that has a
unique threshold value. When this threshold is exceeded (i.e., when perceived risk is higher), the
driver's subsequent behavior is predicted to be altered.

Gaps in the Data Base

An important conclusion to be drawn from this research is that although there are compelling
theoretical arguments for the inclusion of perceived risk as a significant component of models of
driving behavior, there are at least two major gaps in the research as it relates to this heavy vehicle
assessment study.  First, there are very few empirical studies of quality that have attempted to test
hypotheses concerning the roles of perceived risk and predisposition toward risk-taking in these
models. Many attempts to support or reject these models are based on theoretical exercises (e. g.,



van der Molen & Botticher, 1988) with questionable validity. Studies with strong empirical work are
rare.

An interesting exception was presented in the 1988 special issue of Ergonomics A study by
Riemersma (1988) attempted to examine how driversinternally represent features and functions of
traffic system components.  Subjectsin the study were shown slides of 28 sections of road and made
judgments about them on 22 different constructs, The datawere analyzed viamultidimensiona
scaling and clustering techniques in an attempt to examine how the drivers cognitively represented and
categorized the conditions and how these psychological representations matched with objective
characteristics. A similar approach could be used successfully to assesstruck drivers' psychological
representations of eventsthat have low to high perceived risk components. Multidimensional  scaling
techniques could be used to analyze the data.

Secondly, no empirical work appears to have been reported on risky decision making and driving
behavior of heavy vehicle operators. This lack of research has several practical implications. First, it
suggests that a basis for choosing measures to study decision making in heavy vehicle operators will
haveto be developed. Thereisvirtually no established work that would support any particular
measures as having anything other than face validity at this point. Secondly, there does not appear to
exist any empirical evidence to suggest that what datais available from studies of automobile driving
behavior generalize to heavy vehicle operation. Such generalizationswill need to be established.

Workload and Risk-Taking Behavior

There appears to be only one recent paper that begins to address the relationship between mental
workload and risk-taking in driving behavior. In that paper, Hoyos (1988) attempts to show the value
of a mental-load approach to the modelling of traffic behavior. Although, he argues for an approach
that tries to “understand the cognition and recognition of hazards as the comprehension and processing
of hazard indicators’ (p. 580), there is very little that is new in this paper with respect to establishing
useful valid measures. Basically, two approaches were suggested. Extensive interviews were used to
identify the hazard indicators that individuals recognized, and subjective rating scales were used to
assess perceived stress (workload) on test drivers under different traffic conditions.

Summarv

In sum, based on the sparse literature covering the relationship between workload and risk taking
behavior in heavy vehicle operators, three points seems clear.

L The concept of risk is established only at atheoretical level in models of driving behavior.
From a psychologica standpoint, the work thus far is very weak and digjointed. What little
empirical work thereis not tied well to theory.

2. However, only avery small empirical data base exists for studying risk taking in automobile

driving behavior (virtualy all of it donein Europe), and no data base exists for heavy vehicle
operators.
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3. The literature suggests that there are no established measures for assessing risk-taking in
driving behavior. Such measures will need to be developed.

4. The relationship between risk taking and workload is not defined in the literature reviewed.

Thus, there is no published justification in the literature reviewed to expect risk taking to raise
or lower in the face of in-cab device induced workload (or vice versa).
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6.0 DRIVING TASK ANALYSISDATA COLLECTION PROTOCOLS

In this section, a variety of methods which have been used for driver task analysis data collection are
described briefly. Their relevance and potential for the current effort are described. These methods
span the range of subjective, observational, and behavioral techniques. Their diversity reflects the
complexity of characterizing driver behaviors and the need for amultifaceted approach; no single
techniqueislikely to be satisfactory. The use of multiple techniques may provide both unique
information and converging operations for areas of overlap in analysis of the job of driving heavy
vehicles.

Activity AnalysisWork Sampling

Thisis an established human factors method useful for determining the proportion of time spent in
different activitieswhich comprise ajob. Inthe case of automotive applications, Rabideau and Y oung
(1974) used activity sampling based on 20 second segments, randomly selected. A total of 60 such
segments were used per 8 hours of driving and ride-along data collectors used a pre-established
activity sampling sheet for data collection purposes (See Table 6.1).  Frequency of occurrence ranged
from 1 to 60 in terms of number of segments during which an activity took place. Other conditions,

e.g., weather, traffic density, nature of the road segment, were noted but not included in tabled
results,

In order to use this method, a variety of steps must be taken (Meister, 1985). A sampling strategy
must be determined (e.g., random, fixed interval, ratio delay, event-based). A sample duration must
be decided upon. Data collection forms with the desired behaviors (defined at the desired level of
description) must be prepared. Thedriving conditions and tasks to be sampled must be decided
upon. A desired sample size to be collected must be chosen (e.g., 60, 100, 500). Finaly the data
collector must receive some training in observation and use of the driver behavior taxonomy, the
recording of multiple concurrent activities, and so on.

Activity sampling is useful for determining the frequency with which observable driver behaviors
occur for specified driving conditions. It isarelatively simple method to apply and data reduction and
analysisis reasonably straightforward. However, activity sampling cannot be used for unobservable
(e.g., cognitive) activities. It depends heavily on the observer’s performance and his ability to
categorize behaviors, observe multiple behaviors occurring concurrently, and describe the driving
conditions under which the behaviors arose. It nonetheless holds promise for usein this project to
identify the frequency of events.

Personal | nterviews

Interviews with subject matter experts have aso been used extensively. Again, referring to Rabideau
and Y oung (1974), interviews were conducted with long haul truck drivers to identify their attitudes
and subjective assessments of selected aspects of truck driving. (See Table6.2). Whilethese authors
do not provide sufficient detail on the nature of their interviews, they did use a combination of open-
and close-ended questioning to address the topics indicated. Structured interviews can also use



TABLE 6.1. ACTIVITY SAMPLING SHEET USED FOR LONGHAUL DRIVER TASK
ANALYSIS. (SOURCE: RABIDEAU AND YOUNG, 1974).

No. of Sanple

Activity

Wat ch road, steer
press throttle
Check mirror(s)
Depress Cutch
pedal

2345

XX XXX

X X X XX

67891

KX XXX

( Segnent

11 12 13 14 15

Duration -

16 17 18 19 20

20 Secs.)

21 22 23 24 5

X X X X X

X X X X X

26 27 28 29 3

31 32 33 34 35

X X X

X

X

X

Shift lever noved
Directiona

si gnal

Shift in body
position

Snoki ng Gigar-
ette

Li ghting

Cigaret te

Cl earance Lights

I nstrument -
check

shift Splitter
Headl i ght s

Foot Brake
W pers
Air

Condi ti oni ng

W ndows
Radi o




TABLE 6.2. INTERVIEW DATA FROM LONG-HAUL DRIVER TASK ANALYSIS
(SOURCE: RAFHDEAU AND YOUNG, 1974).

rankedhighest

aslow requirement

Topic Positive Comments Negative Comments Inferences
General SafeDriving Attentiontodriving plussensibledecisions Skill in handling rig ranked Informationprocessingismore

important than effector output
skills

Risk Avoidancein Unfamiliar
Situations

Caution and planning ahead for worst case
possibilities

Quick thinking and use of
avoidanceor escape
techniques downrated

Maneuverabilityandbraking
abilities of trucksis poor. Use of
cautioniseasier ondriver over
many hours than being tensed
and ready for instant accident
avoidance.

Other Vehicle Behaviour

Lack of signaling of
intentionsand general lack
of predictable bchaviour

Contingency planning by truck
driver isdifficult if not useless.

other vehicleswhichisoften
very dangerous by itself.
Lack of attention to driving
task either through
daydreamingor actually
startingtofall asleep.

Day vs. Night Driving Day driving preferred by 40% (approx.) Night driving preferred by Day driving reduces problems of
because of ease of staying awake, better approx. 50% because of alertnessbut night drivingallows
scenery and greater number of interpersonal reduced traffic density, and for easier sensing of certain
contacts. ease of other vehicle critical stimuli.

locationusing headlamp
glareor aura.

Visual Search Techniques * * Visual searchpatternsare
relatively automaticor non-
conscious, but quite complex and
rigorous. Likely require much
practiceto developto highly
effective stage.

Critical Incident Causes Unexpected behaviour by Situation in which driver finds

himselfisimpossibletopredict
except on contingency basis and
may beimpossibleto avoid.

Lack of attention causes
immediate stop or reduction of
information gathering and
processing and subsequent similar
changes to outputs.

Route Pacing

Driversdisliked working for
companies which had
specific route schedules for
timeto distances, etc.

Drivers preferredio set speedsto
mad and personal conditions; to
setobjectivesbasedonvariable
fatigue rates etc. Different road
speedsallow driver tomodul ate
information processing rates to
suitehisabilitiesat that time.

Rest Stop Criteria (Timing)

Most drivers used criteria of physical feeling
(discomfort) and noticeabl eperformance
decrement (poor shifting) or availability of a
familiar pleasant stop point. On familiar
mutes former criteriawere not used as
frequently aslatter.

Worst time to be on mad is
period from 4-6 am. Most
driverstry to eat through it
or deep 2-4 hrs. in this
area.

Driversrecognizeadiurnal low
point in performance. Subjective
self evaluation of performanceby
driver doesnot generally yield
clear, repeatablecriteriafor
taking breaks. Driver will
disregardfatiguesymptomsto
driveto adesirable stop.

*

All drivers had great diffkulty in verbalizing their techniques yet al admitted it was one of the most important

aspects of safe driving. General feeling was that a driver could not be too observant - he had to see

everything.




videotapes of nms or scenarios to elicit from the driver answers to such questions as the following
(Hannigan and Parke-s, 1988): how do you do this?, why do you do this?, what do you do next?; what
do you do at the same time? Interviews will thus form an essential element in Task 3 data collection.

Commentarv Driving/Protocol Analysis

Animportant technique for uncovering driver cognitive operationsis commentary driving or protocol
analysis, an introspective technique wherein the driver ‘talks aloud about the driving task. It may be
done during task execution, or afterward (perhaps with the use of a videotape of the task). Hannigan
and Parkes (1988) indicate that a major cause for concern with this method isits introspective nature.
It ispossible that drivers comments may omit critical elements of the driving situation or driver
strategy, may include false items which are based on the driver’s prescriptive (rather than descriptive)
internal model of the task, or may generate irrelevant items which do not provide helpin
understanding the driving situation and driver responsesto that situation. It is also well known that
some people are not able to articulate their thought processes well and may resort to verbaizing low
level behaviors (e.g., “Now I'm tuning the wheel“, rather than “I’m turning the wheel because...”).
Finally, tasks which are highly automated may not be articulated well (because they are beyond the
driver’s consciousness) and quite difficult tasks may be equally difficult to articulate.

The analysis of the verbal protocol ranges from a content analysis to uncover driver strategies, critical
information requirements and the like, to atrandlation of the verbal content into a structured format
suitablefor building computer simulations (called productions) of the human. Whileit is expected
that a content analysis would be sufficient for the current effort, this method is labor intensive to
apply though it currently offers aunique insight into the cognitive processes driversuse. It isaway
to identify, atask context, the information requirements of drivers, the strategies they use to deal with
aparticular driving situation, and the processing that they go through in atask. Therefore, it is
anticipated to be useful in later tasks of this project. One variation of its use may be to present a
driver with a scenario in an interview format and ask the driver to verbalize the data they would
attend to, decision processes they would undertake, and responses which would be made. Such an
approach may help to verify existing truck driver tasks and uncover new ones.

Critical Incident Technique/Critical Decision Method

The Critical Incident Technique (CIT) and variants such as the Critical Decision Method (CDM)
require the driver to recall ‘close cals', describe them, and speculate on their causes. This method
obviously depends on the driver’ s ahility to recall such details and is open to distortions of memory
and motivation. While relating critical incidents, drivers may cast themselves in a more favorable
light, are likely to distort the frequency or duration information about an event, and will likely ignore
the more routine aspects of driving. Despite this, CIT has proven to be a robust and useful
methodology in identifying safety-critical situations which can help usin this current effort to identify
the driving conditions and tasks which merit close scrutiny.  Such datawill have to be treated as
estimates to be verified through other means.
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SubjectiveWorkload Ratings

One approach to workload estimation (which has been used in an aviation context) isto have
professionals, well acquainted with heavy vehicle driving, rate the degree of loading attendant to a
particular task. For example, Aldrich, Szabo and Bierbaum (1988) devel oped a set of anchored rating
scales for various pilot workload factors (See Table 6.3). Something similar to this may be useful for
the current effort. The negative aspects of this are the subjective nature of the assessment, the need
for vaidation of the rating scales (e.g., at least through inter-judge concordance assessments), the
need for reliability assessment of the scales (perhaps with intra-judge reliability coefficients), and the
labor intensive nature of the data gathering (e.g., task-by-task assessments, varied by combinations of
driving conditions). However, at this early stage of this project, this approach merits further
consideration for usein Task 3. To anchor such scales, a variety of driving task descriptions (with
driving conditions) would be presented to a group of driversto rate on a scale of, say, 1to 7. Our
driver Subject Matter Expert (SME) would help ensure that the task descriptions spanned the range of
workload. Then anchors would be chosen by cal culating mean ratings and standard deviations of
ratings to pick the descriptions with minimum variance at the low, medium and high end of the scale.
These minimum variance ratings would serve as scale anchors.

It isworth noting that the above rating scales are quite distinct from established subjective workload
methods like the Subjective Workload Assessment Technique (SWAT), the Task Load Index (TLX),
the modified Cooper-Harper scale, or the Bedford scale (see Hart & Wickens, 1990 for a review).
None of these methods provide the breakdown of driver loads into the categories of visual, manual,
cognitive, peda, auditory loads of interest to this project. Thus, additional task analytic data must be
collected on these using a different set of techniques. The established subjective workload measures,
however, can provide a useful overal assessment of the driver’'s perception of load.

Visual Allocation

In Task 4 of this project, review and analysis of various workload measures applicable to driving will
bemade. Visual allocation measures (i.e., measures of glance duration and frequency in various in-
cab device interactions) have been collected in numerous studies to characterize the visual |oad
imposed by various in-cab devices on the driver, aswell as variationsin visua allocation asa
function of driver experience, task type, and so on. Given the primacy of vision in driving, visual
alocation and visual workload will be an important consideration for latter portions of the project.

On-The-Road Driver Performance Monitoring
Again, in Task 4 of this project, review and analysis will be carried out on driver performance
measures (e.g., TLC, pedal reversals, steering wheel movement, etc.) which have been used to

assess driver workload and the quality of driving. Further discussion of the relevance of driver
performance monitoring is provided in the section on safety-relevant measures and criteria.
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TABLE 6.3. EXAMPLES OF WORKLOAD COMPONENTS SUITES
(SOURCE OF ALDRICH, SZABO, & BIERBAUM, 1989)

Scale
Value Descriptors
Visual-Unaided (NakedEye)
10 Visually Register/Detect (Detect Occurrenceof Image)
3.7 VisuallyDiscriminate(DetectVisual Differences)
4.0 Visuallylnspect/Check(Discretel nspection/StaticCondition)
50 VisuallyL ocate/Align(SelectiveOrientation)
5.4 Visually Track/Follow (MaintainOrientation)
5.9 Visually Read (Symboal)
7.0 Visually Scan/Search/Monitor (Continuous/Serial Inspection, Multiple Conditions)
Visual-Aided (Night VisionGoggles[NVG]
1.0 Viilly Register/Detect (Detect Occurrence of Image) With NVG
48 Visually Discriminate (Detect Visual Differences) WithNVG
5.0 Visually Discriminate(Detect Visual Differences) WithNVG
5.6 Visually Locate/Align(SelectiveOrientation) With NVG
6.4 Visually Track/Follow (Maintain Orientation) WithNV G
7.0 Visually Scan/Search Monitor (Continuous/Serial Inspection, Multiple Conditions (WithNVG)
Auditory
1.0 Detect/Register Sound (Detect Occurrenceof Sound)
2.0 Orient to Sound (General Orientation/Attention)
42 OrienttoSound (SelectiveOrientation/Attention)
43 Verify Auditory Feedback (Detect Occurrence of Anticipated Sound)
49 Interpret Semantic Content (Speech)
6.6 DiscriminateSoundCharacteristics(Detect Auditory Differences)
7.0 Interpret Sound Patterns (Pulse Rates, Etc.)
Kinesthetic
10 Detect Discrete Activation of Switch (Toggle, Trigger, Button)
4.0 Detect Preset Position or Status of Object
48 Detect Discrete Adjustment of Switch (Discrete Rotary or Discrete Level Position)
55 Detect Serial Movements(K eyboard Entries)
6.1 Detect Kinesthetic CuesConflictingwith Visual Cues
6.7 Detect Continuous Adjustment of Switches (Rotary Rheostat, Thumbwhesl)
7.0 Detect ContinuousAdjustment of Controls
Cognitive
1.0 Automatic(SimpleAssociation)
12 Alternative Selection
3.7 Sign/Signal Recognition
4.6 Evaluation/Judgment (Consider Single Aspect)
53 Encoding/Decoding,Recall
6.8 Evaluation/Judgment (Consider Several Aspects)
7.0 Estimation, Calculation, Conversion
Psychomoator
1.0 Speech
22 DiscreteActuation (Button, Toggle, Trigger)
2.6 Continuous Adjustive (Plight Control, Sensor Control)
4.6 Manipulative
58 DiscreteAdjustive(Rotary, Vertical Thumbwheel, Lever Position)
6:5 Symbolic Production (Writing)
7.0 Serial DiscreteManipulation (Keyboard Entries)

6-6




Criticality Ratings and Rankings

The task descriptions and criticality ratings reflect the use of various methods used in driver task
analyses. For example, Spolander (1980) used magnitude estimation to devel op subject matter expert
(SME) estimates of frequency, safety-criticality, effectiveness (for transportation), and difficulty-to-
master.  As briefly described in the English trandlation of the abstract, the SMEs rated each task on
each dimension using ascale from 1to 100 (1 = least to 100 = most on that dimension). These
ratings were collated, scaled, and turned into integer standard scores.

Moe, et al. (1973) used card sorting procedures and had their SMEs rank driving tasks in terms of
criticality. Specificaly, thirty-seven (37) truck Driver SMEs and twenty-four (24) bus driver SMEs
rated tasks on safety criticality. Each SME was sent three envelopes with 25 randomly selected task
descriptionsin each envelope. The SME first sorted the 25 task descriptionsinto three piles of safety
criticdity, i.e,

High criticality - Tasks the driver must do
Moderate criticaity - Tasks the driver ought to do
Low criticality - Tasks the driver may do

Then the SME rank ordered the 25 tasks from most safety-critical to least safety-critical. Finally, the
SME drew aline to mark the High-criticality tasks from the Moderate-criticality task and the
Moderate-criticality tasksfrom the Low-criticality tasks. This procedure was used to identify high
criticality driver tasks. Results indicated there was considerable disagreement among SMES on the
rank position of the tasks.  Perhaps this was because any given task was ranked relative to the set of
randomly selected items with which it wasincluded; differing ‘ context’ would have influenced the
rankings.

The ranking and rating methods hold promise for use in the current effort. The assessment of
criticality (or other task dimensions to be determined) can probably not be efficiently collected
without some recourse to these methods.  Inter-judge concordance or reliability is probably important
to consider and the effects of various driving conditions may significantly affect the ratings.

Other Techniques

A variety of other techniques have been used in cognitive science, artificial intelligence, and human
factors to uncover the cognitive aspects of tasks and performers (see Appendix A). Oneclassin
particular attempts to develop conceptual maps or cognitive graphs of a problem. These graphs depict
the relations among concepts that a person usesin atask or the organization of knowledge in
memory. The appropriateness of thislevel of detall for the purposes of workload protocol
development are unclear at thistime. If the need for such detail isjustified, such methods may be
used in later phases of this project.

6-7



References

Aldrich, T., Szabo, S., & Bierbaum, C. (1989). The development of models to predict operator

workload during system design. In G. McMillan et a. (Eds.) Applications of human performance
models to svstem design (pp. 65 - 80). New York: Plenum Press.

Hannigan, S., & Parkes, A. (1988). Critical incident driver task analysis. InA. G. Galeet al.
(Eds), Vision in vehicles 11 (pp. 105 - 114). Amsterdam: Elsevier.

Hart, S. G., & Wickens, C. D. (1990). Workload assessment and prediction. In H.R. Booher (Ed.),
MANPRINT: An approach to svstems integration (pp. 257 - 296). New York: Van Nostrand
Reinhold.

Meister, D. (1985). Behavioral anavsis and measurement methods. New York: Wiley.

Rabideau, G., & Young, P. (1974). Validation of atask analvsis methodology applied to long - haul
truck driver behaviour. National Research Council of Canada. (Microfiche No. ED 083 295).

Spolander, K. (1980). Professional driver training for the 1980°s. Truck and bus driver task
andyss Linkoping, Sweden: National Swedish Road & Traffic Research Institute. (In Swedish,

Portions Trandlated by Battelle).



70TASK 3TASK ANALYSISDATA COLLECTION PLAN

[ntroduction

A data collection plan for Task 3 is presented in this section. Thisactivity isintended to fill in data
gaps which will support the devel opment of the heavy vehicle workload assessment protocol. It
departs somewhat from the emphasis included in the original Battelle proposal, i.e., amost exclusive
on-the-road datacollection.  Our proposed changes have come about because of a better
understanding of the project requirements and real world limitations associated with on-the-road data
collection using commercia driverson their assigned routes.

Objectives
The objectives of this data collection effort are asfollows:

. Evaluate the demand placed on the driver by various driving conditions;

. Determine the safety criticality, relative frequency, and difficulty of selected standard
driving tasks and driver behaviors;

Collect on-the-road data on the visual, manual, and cognitive |oads imposed by
various tasks and in-cab behaviors found in trucks today; and

Begin task analysis of selected high-technology in-cab devices to determine the nature
of their interactions with drivers and loads which may be placed on drivers.

Scope

Battelle will restrict the task analysis effort to only those tasks and driver behaviorsin which the
vehicle isin motion. While important to highway safety in the broadest sense, tasks such as pre-trip
planning, before-trip inspections, after-trip inspections, on-the-road repairs, and the like are
considered outside the scope of this project.

To the extent possible, we will probe drivers for ancillary driver behaviors which may have safety
and workload implications. These include such behaviors as fumbling for snacks, pouring coffee,
writing notes into a log book, and so on.

A task analysiswill be started on selected examples of high-technology in-cab devices. 1t islikely
that this aspect of the project will continue in greater depth through later phases. Thisinitial task
analysiswill provide in indication of the nature of device interactions and loads imposed by various
kinds of devicesto which this protocol will be directed.

Finally, from aworkload perspective, tasks or driving situations which involve driver underload will
not be actively pursued in this effort.



Annroaches

In order to meet the objectives listed above, a combination of data collection methods will be used.
Theseinclude:

scaling procedures applied to driver assessments of the demand imposed by various
driving conditions and rel ative frequency with this such driving conditions are
encountered,

. discussion to elicit driver expert judgements of task safety criticality, frequency, and
difficulty;

. on-the-road data collection to gather data on the perceptual, motor, and cognitive
loads imposed by various driving tasks and in-cab behaviors found in trucks today;
and

apreliminary task analysis of selected high technology in-cab devices.

These methods and a proposed schedule for task analysis data collection are presented below.

Step 1. Evaluate the demand placed on the driver by various driving conditions. The driving
condition outside the cab is thought to be the prime determinant of driving demand. Driving
conditions can be characterized along a number of dimensions. While there are a large number of
different driving conditions which might be encountered, only a selection can be examined in the
workload assessment protocol development. This step will involve characterizing driver assessments
of the relative demand imposed by various driving conditions by means of conjoint scaling. Drivers
will aso be asked about the relative frequency with which various driving conditions are encountered.
This data will support the selection of driving conditions to be incorporated in subsequent phases of
this project.

Step 2. Determine the safety criticality, relative frequency, and difficulty of selected standard
driving tasks and driver behaviors. Task criticality, frequency, and difficulty are likely to be
contingent on the prevailing driving conditions. Therefore, the results of Step 1 will be used to
provide “context” in discussions with drivers about selected driving tasks and driver behaviorsin
terms of safety criticality, relative frequency, and difficulty. It islikely that drivers will first identify
those tasks which are imply high workload and their frequency of occurrence. Additional discussion
will address safety criticality and difficulty issues. Data collected in this step will alow usto
prioritize tasks which we wish to include as standard tasks in future phases of this project.

Step 3. Collect on-the-road data on the visual, motor, and cognitive loads imposed by various
tasks and in-cab behaviors found in trucks today. It is useful for protocol development to have
some data on the workload associated with various driving tasks and in-cab behaviors found in trucks
today. Thistype of information can be used to determine the range of visua demands imposed by
tasks conducted in trucks without high technology devices, for example, and how such demand
changes by driving conditions. This type of data might then be used to direct protocol development
or for comparative purposes in analyzing selected in-cab devices. To address the need to obtain
preliminary information about driver workload, ride-along observation of truck drivers will be
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conducted. An on-board video recording system will be mounted into the cab of the truck to record
the data for this effort.

Theride-along observer may ask the driver to visually scan selected gauges on the instrument panel

or manipulate instrument panel controls when the driving task permits. The driver will be instructed
that the driver is the fina judge on whether or when to respond.  Under no circumstances will the
driver be asked to perform any action which is not a part of anormal drive. The ride-along observer
may also discuss with the driver various issues in heavy vehicle driving (e.g., difficulty or safety
criticality of certain tasks, their opinion of how driving conditions affect driving safety, etc.). Battelle
will make its best efforts to schedule ride along observations under a variety of driving conditions.

Step 4. Begin task analysis of selected high-technology in-cab devices to determine the natur e of
their interactions with drivers and loads which may be placed on drivers. In addition to
characterizing the driving tasks, it has become apparent that preliminary analysis of selected in-cab
devicesisalso of great use. Thisanalysis, though not originally included in this task, will therefore
be started. Data on various classes of devices will be reviewed by the human factors staff, an attempt
will be made to obtain one or more devices for static evaluation, and local trucking lines which use
such devices can be contacted to begin dialogue on their experiences with them.,

Materials and Equipment

Minimal equipment is needed for Steps 1, 2, and 4; Step 4 will benefit by obtaining one or more
devicesfor in-house static evaluations, however. Step 3 requires avideo recording system for its
completion.  The recording system will consist of two video cameras, a video cassette recorder, TV
monitor, time generator and an observer’svideo log. One video camerawill be directed toward the
road scene and the second camera will be directed to the driver’s face to capture gaze location and
duration. The observer’slog will consist of a panel with thumbwheel switches, each of which
providesadigital (O-9) input which will be superimposed on the video tape during recording. This
log will allow the observer to enter coded information unobtrusively during taping. Thetime
generator will provide adigital clock to the video scene to facilitate subsequent data analysis (e.g.,
glance time, glance frequency, inter-glance interval). A video splitter/inserter will be used to
combine the views of both cameras into asingle input to the VCR.

Subject Sample

Battelle anticipates a sample of 20 to 40 driversfor participationin Steps 1, and 2.  Battelle would
make best efforts to secure a sample which ranged over the variables of age, sex, and experience.
Subjectswill be volunteers solicited from area freight, storage, and commercia firmswhile awaiting
warehousemen to load their trailers. For Step 3 over-the-road data collection, Battelle anticipates a
sample of 8 to 10 commercia driversdriving on their assigned routes. To the extent possible, a
variety of driversof varying age, experience, and sex will be observed during this portion of the
work. Step 4 is not expected to make use of subjects, per se.
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Data Reduction and Anavsis

Conjoint analysiswill be used to scale the relative demand of various driving conditions and the
contribution different factorsmake on demand. Driver evaluations of task safety criticality,
frequency, and difficulty will be represented in the form of summary statistics. Video tapes will be
reviewed to extract visual alocation information and summary statistics will be prepared for these as
well. Initial task analysis of selected in-cab deviceswill be carried out by human factors staff and
characterized in tabular form, as appropriate. Table 7.1 provides some indication of the factors
which will be evaluated in the in-cab device anaysis.

Antici Report Format for Task Analvsis D

The results of thistask analysis effort will be reported in narrative, tabular, graphic, and statistical
formats, as appropriate.

Task AnavsisD |lection Schedul

A tentative Scheduleis provided here. Note that the Draft Task 3 Interim Report delivery dateis
rescheduled for May 29, 1992.

MONTH & YEAR

Feh92 Mar92 Apr92 May92
Step 1 X**X
Step 2 X**X

*kkk ***X

Step 3 X*
Step 4 X** X XX XX
Draft Report X**X
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TABLE 7.1. DATA GATHERING PROTOCOL FOR NHTSA HV TASK ANALYSIS: IN-CAR
DEVICE INTERACTION

In-cab Device Dimension Possible Values {l

When used: Pre-trip only; when stopped only; backing, in forward motion,
etc.

" Relevant forwardmotion | See Task 2 Interim Report for standard driving task.
[| driving tasks:

Driver-initiated or device- | E.g,, driver electsto glance at speedometer vs. communications
initiated interaction: or warning device which “hails’ driver.

L oads placed on driver: Visual, manual, auditory, cognitive, pedal. [

Type of cognitive tasks E.g., check reading, text display, typing input, etc.
reauired: I

Time required: | Inseconds. H
H Error modes: \ What can go wrong and likely driver reactions. H

Task steps:. Indicated, perhaps, by mode of operation.

Perseveranceeffects: Device alows driver to readily break the task into segments and

come back to it vs. design which prompts driver to persevere
until task is complete (e.g., because needed datais rolling off the
screen, because system timeouts reset a control, etc.)

Importance of interaction: | Perceived criticality (e.g., must do, optional); an indication of the
urgency with which the driver will want to respond to the

devices.
Positioning: Where device is mounted: on dash, overhead, on seet, other.
Likelihood of use with What other systems might be used with the device in question.
other systems: E.g., amultifunctional/integrated digital communications system

may not be used with atrip recorder (because it aready has that
function built into it) but could be used with, say, a cellular
phone.
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COGNITIVE TASK ANALYSIS METHODS

Carol A. Tolbert, Ph.D. - Battelle HARC

[ntroduction

Cognitive Task Analysis (CTA) isahost of techniques used to assist in defining the cognitive
requirements of tasks. |ts purposes are similar to those for traditional, behavioral task analyses: to
identify task characteristics and demands for use in developing task hardware, software, training
programs, and expert models. Whiletraditional task analyses have used observable behavioral
indices, CTA cannot afford this luxury. Instead, CTA must rely on other techniques for identifying
and representing the cognitive strategies and structures required for task performance. CTA is
actually acomplex methodology that consists of:

a) data collection methods, also called ‘knowledge elicitation’ methods,

b) data analysis methods, and

C) data representation methods.

Each CTA technique that is discussed in the literature typically addresses one or more of the above
elements. This can result in confusing terminology regarding what is or is not a CTA method. In
this section, we will present an overview of CTA methods that have been used. We will also indicate
whether each one is adata collection, analysis, or representation method.

Although “ Cognitive Task Analysis’ isarelatively new term (coined within the last few years),
analyses of cognitive tasks have been performed for decades. The work of Newell and Simon (1972)
was a stark indication of CTA. They studied human cognition by having subjectsthink aloud asthey
solved problems.  The think-aloud verbal protocols were audiotaped and then transcribed for analysis.
The analyses revealed, in great detail, how each subject solved each problem. Thisinformation was
useful for understanding the cognitive limitations of humans and, therefore, the boundaries of
expected task (problem) performance. This type of information, in turn, is clearly integral to any
task analysis. For example, we know that people have an upper limit on the quantity of incoming
information they can cognitively process within agiven period of time; thus, a user-interface should
not display information to the user at alevel that exceedsthis limit.

A great deal of research has suggested that people have a variety of cognitive strengths and
limitations. For example, they are prone to commit a variety of biases that distort their decision-
making strategies (e.g., Kahneman, Slovic, & Tversky, 1982). Memory limitations can aso hinder
task performance (e.g., Anderson, 1980). Conversely, studies have aso shown that students who are
provided with methods for organizing concepts and memorizing information perform better than those
who are not (Thomas & Robinson, 1972). Therefore, it is possible to compensate for some
limitations by improving other cognitive capabilities. Similarly, research has suggested that even
some of theidentified limitations can be mitigated through certain instructional strategies (Tolbert,
1989).

Despite these findings, cognitive requirements were not considered for integration into the
Instructional Systems Development QSD) paradigm until fairly recently. As a result, traditional task-
analytic methodologiesin ISD had already been developed, and did not explicitly address the
cognitive limitations of users or the cognitive requirements of the task (Redding, 1990).
Methodologies for analyzing the cognitive requirements are relatively young and, consequently, are
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still being developed. The youthfulness of the field is evident everywhere: for example, terms are
not standardized, taxonomies of cognitive structures have yet to be established, and implementations
and definitions of methodologiesvary widely. This suggests that the knowledge base of thefield is
not sufficiently developed to endorse a unified set of standardized, well-accepted, and reliable
methods of CTA. Rather, researchers and practitioners in the fields of 1SD, cognitive
psychology/science, and human factors are al working to advance CTA methodology, which requires
the skills and knowledge in these areas, as well as those in statistics and research methodol ogy
(Redding, 1990).

Several methods of CTA have been devel oped to accommodate data collection, analysis, or
representation.  In this section, we will limit our discussion to the most widely used methods: verbal
protocol analysis, the Critical Decision Method, Concept Mapping, Conceptua Graphs, and
psychological scalingmethods. For the most part, these methods are not mutually exclusive; in fact,
some combinations generate highly effective and complementary approachesto CTA. Each method
has strengths and weaknesses that should be considered when deciding on amethod.

. < Method

Verba Protocol Analvsis

Verbal protocol analysis (VPA) is a methodology for collecting and analyzing verbal data. Ericsson
and Simon (1984) provided an in-depth theoretical framework for conducting VPA; many researchers
have used it to conduct VPA studies of their own. VPA typicaly involvesthefollowing activities:

. A person is given atask to perform.

. The person performs the task and

thinks aloud while performing the task (“concurrent” VPA).
The person’ sverbalizations are audiotaped.

The person’ s audiotape is transcribed.

The person’ stranscription is anayzed.

Conclusions are drawn about the cognitive processes the person applied while performing the
task.

A variation of this general approach isto require the person to verbalize how he performed atask
some time after he performed it (“retrospective” VPA). Another variation isto videotape the session;
the extra visual information can be valuable in the dataanalysis. Animportant consideration that
affects the entire methodol ogy is the task that is chosen. Ericsson and Simon (1984) suggested that
task characteristics, such as task difficulty and automaticity, be maintained in a preferred range. If
the task is too difficult, thought processes and verbalization can be hindered. If the task istoo easy,
the person might perform it automatically. In this case the person would be unable to verbalize his
thinking because he would be executing the task without conscious awareness.

A criterion for verbalizing one's thoughts, according to Ericsson and Simon (1984), is that they be
availablefor retrieval from short-term memory. Therefore, cognitions that @) cannot be retrieved
from long-term memory, b) are not attended to by the person, or ¢) are otherwise at a non-conscious
level, cannot exist in short-term memory and are thus not verbalizable.
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The analysis of verba protocolsis more challenging than their collection and no standardized
techniques exist. Close-ended tasks with well-defined problem spaces are the easiest to analyze, while
open-ended tasks with undefined problem spaces are the most difficult to analyze. Thetheoretical
framework of Ericsson and Simon (1984) did not address undefined tasks, however, open-ended tasks
have been analyzed (e.g., Tolbert, 1985). Such novel applications are central to understanding how
people in normal jobs solve daily tasks because most of them are open-ended.

The analysis of verbal protocols (close-ended tasks) usually includes the following activities:

- defining the vocabulary of terms used in the verbalizations
. testing and refining the vocabulary

. segmenting the audiotape transcriptionsinto semantic chunks
. encoding the segments by applying the vocabulary

The technique(s) chosen for summarizing and presenting the results is at the researcher’ s discretion
(e.g., tables, graphs, verbal summaries), depending upon the goals of the project and what
information the researcher istrying to convey. Inany case, the selected format should be able to
summarize the thought processes used in performing the given task.

The information obtained from VPA can be used in a variety of ways to assist researchers, cognitive
scientists, ergonomists, and systems engineers. Researchers have used the method to understand how
people solve problems and make decisions (e.g., Bhaskar & Simon, 1977; De Groot, 1965; Duncker,
1926; Newell & Simon, 1972; Watson, 1920). Cognitive scientists have used VPA to acquire expert
domain knowledge for building models of expert performance (e.g., Roth, Bennett, & Woods, 1987,
Roth & Woods, 1988). Ergonomists have only recently begun to explore VPA as a method for
helping define task requirements and evaluating existing systems (e.g., Bowers & Snyder, 1990;
Denning, Hoiem, Simpson, & Sullivan, 1990). Systems engineers, similarly, could work with
ergonomiststo use VPA in the requirements definition and design phases of system development. In
arecent paper, Tolbert and Bittner (1991) explored the potential uses of VPA throughout the systems
development cycle: during conceptual design, after system start-up (during operation), and after
specific incidents (during operation) to help identify problem sources.

VPA provides comprehensive and detailed analyses of cognitive performance ontasks. This
information iscrucia for understanding the cognitive components of task performance. It uncovers
both the knowledge and the strategies used to perform the task. Unfortunately, the cost of the
method’ s comprehensivenessisthat it is resource-intensive, requiring extratime, effort, and specia
ills.  In the absence of one or more of these resources, VPA results can produce misleading or
questionable conclusions. Because standardized methods of VPA have not been adopted, the method
IS prone to criticism.

Critical Decision Method

Developed by Klein, Calderwood, and Clinton-Cirocco (1986), the Critical Decision Method (CDM)
isamethod of eliciting knowledge. It was derived from Flanagan's Critical Incident Technique
(1954). CDM dlicitsthe deeper knowledge that can be difficult to retrieve through other methods.
For this reason, CDM is often used to €licit the knowledge of experts. It isthus a data collection
method, using the elicited cognitions of experts to analyze cognitive task requirements.
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The following procedures are used in CDM (Thordsen, 1991):

1. The person is asked to recall a specific incident that occurred
in the past in which the person’s expertise was challenged or
affected the outcome of theincident.

2. The person then verbalizes his recollection of the incident
including, for example, a description of the incident, his
role, actions, thoughts, and observations during the
incident.

3. A chronology of theincident is devel oped based on the person’s
recollections.

4. The person is questioned to fill in details or gaps suggested
by the chronology. Examplesinclude questions about decisions
that were made and their bases, as well as where specific
information was obtained.

CDM can be viewed as an abbreviated form of retrospective VPA, similar to that described in the
foregoing VPA subsection.

By focusing on unusual events, experts are able to recall the event and its surrounding circumstances.
Unusual events require the expert’ s unique skills and knowledge to be utilized. CDM capitalizeson
this requirement in order to reveal the expert’s deep knowledge and refined skills used to help resolve
specific incidents. Thisfeatureis particularly useful because research has demonstrated that experts
chunk their knowledge (in ways that novices do not) and automate their knowledge retrieval strategies
(e.g., Chase & Ericsson, 1982; De Groot, 1965). As a result, their cognitive skills and knowledge
are not available for conscious retrieval by the expert. According to Klein and Crandall (1990),

CDM is an effective method for indirectly accessing the expert’ s expertise.

An advantage of CDM istherefore its ability to elicit experts' deep knowledge and skills (Thordsen,
Wolf, & Crandall, 1990). It is also practical to apply because it can be performed anytime after the
incident, in almost any locale. However, these practical assets are also liabilities: the longer the time
between the incident and the time of recollection, the more the expert’s memory for the incident will
become degraded and distorted. Still, the flexibility offered by CDM is a unique benefit.

Concert Mapping

Concept Mapping is amethod of data collection and data representation.  Originally proposed by
Gowin and Novak (1984), it has recently been used to elicit domain expertise (Wolf, Klein,
Thordsen, & Klinger, 1991) and to analyze user needs and develop workstation designs (e.g.,
McFarren, 1987).

Concept Mapping uses interviewing as its tool for eliciting knowledge from an expert. Typically, an
expert and a knowledge engineer work together to develop a“ Concept Map”. Beforethe Concept
Mapping session, the knowledge engineer identifies the task domain that will be queried and the
expert who will participate. The session begins with the knowledge engineer indicating the task
domain to the expert. The expert is asked to identify the key concepts involved in performing the
task, as he understands them. For example, key concepts involved in ‘going grocery shopping’ might
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include making alist, driving to and from the store, finding the items on the list, and paying for
them. Another person’s key concepts for this task might be different, excluding making alist, and
taking the bus to and from the store.

Asthe expert provides his key concepts, the knowledge engineer begins to draw a diagram that
illustrates the concepts and the relationships among the concepts. Concepts are drawn as nodes, and
relationships are drawn as directional arrows connecting the appropriate nodes. The knowledge
engineer continues to query the expert to reveal the finer concepts and to ensure that all relationships
and concepts are represented.  Thisiterative process between the knowledge engineer, the expert’s
responses, and the knowledge engineer’ s adjustments to the Concept Map continue until the level of
detail provided matches the needs of the knowledge engineer.

Concept Mapping resultsin avisua representation of an expert’s perspective on performing a
particular task. Representations such as these have been used for many years by cognitive theorists to
represent knowledge [e.g., Anderson’s “ propositional networks® (1980)]. They are a useful and
concise method of portraying the abstractions inherent in analyzing human cognition. However, they
can become unduly large and complex, thus losing the advantage of conciseness. This must be
avoided by carefully selecting and defining the task to be explored.

As presently used, Concept Maps do not capture the multidimensiona and dynamic nature of many
experts' thinking. Furthermore, they may not reveal the hidden knowledge and skills of the expert
(i.e., automated skills). To address this concern, Thordsen (1991) suggests that Concept Mapping be
conducted along with the Critical Decision Method. Thordsen contends that Concept Mapping can
provide an overview structure of the expert’s thinking, while CDM can €licit the deeper knowledge
and skills needed to fill in the Concept Map.

n raph

Conceptual graphs, like Concept Maps, are visua representations of a person’s knowledge.
Conceptual graphs also consist of concepts, represented by nodes, and the relationships among
concepts, represented by directiona arrows. They are ageneric type of knowledge representation,
produced through any of several data collection methods, including interviewing. Moore and Gordon
(1988) adapted a“ question-probe” method, originally developed by Graesser (Graesser & Clark,
1985; Graesser & Goodman, 1985), to be used as a data collection method to generate conceptual
graphs. Ininstructional applications, Moore and Gordon combined the question-probe and conceptual
graph methods to devel op instructions, diagnose student comprehension (Gordon, Gill, & Moore,
1988), and assess the effects of different instructional techniques (Gill, Gordon, Moore, & Barbera,
1988).

For use in prose comprehension, the combined method begins by having subjects read a passage of
text. Then they are queried about the passage: For each event in the passage, subjects must indicate
how and why the event occurred, as well as what happened next. The subject’s responses are
transformed into a conceptual graph that depicts his understanding of the passage.

In Moore and Gordon's (1988) application of the combined method, they proposed two specific
question-probing techniques for eliciting information from a subject. The first technique is subject-
driven. A task domain isidentified and a conceptual graph is developed by both the knowledge
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engineer and the subject. The subject isgiven an initial, higher-level concept and asked questions to
glicit information - that is, additional concepts -- about the initial concept. Next, the additional
concepts provided by the subject are used as question probes to generate the next set of concepts. In
thisway, the subject drives the definition of the conceptual graph.

The second technique uses a set of predetermined questions to guide the construction of the subject’s
conceptua graph. In thisapplication, all nodes of a standard conceptua graph have been defined
prior to the session. The subject isfirst probed on the first concept in the standard graph, then on the
second concept in the graph, and so on.  This process results in a second conceptual graph, that of the
subject, which can be compared to the standard.

In addition to various instructional applications, these techniques can be used to elicit expert
knowledge for expert systems or user knowledge for specific system development or modification
activities. Like Concept Mapping, the techniques produce visual representations of a person’s
cognitive framework for agiven task domain. They are sufficiently generic to be adaptable to awide
array of ergonomic applications that could benefit from cognitive task analyses. The disadvantages of
the techniques are similar to those of Concept Mapping, that is, the multidimensional and dynamic
nature of cognitive activitiesis underscored, and cognitive skills or knowledge of which the personis
unaware cannot be directly revealed.

Psychological Scaling Methods

Psychological scaling methods are indirect methods for collecting cognitive data. Many of them
require the subject to make similarity judgments, rating judgments, or sorting judgments on pre-
defined sets of task-relevant stimuli (concepts). An underlying assumption made by researchers using
these methods is that a subject’ sinternal organization of concepts regarding atask domain can be
inferred from the subject’ s externalized judgments, which are based on the provided sets of stimuli.

After subjects provide their judgments, the externalized data are typically converted into pair-wise
comparisonsamong the concepts.  The pair-wise comparisons are then statistically analyzed using
multidimensional scaling, cluster analysis, or ordered trees. These analyses organize the judgments
according to their levels of similarity and hierarchical ordering. The researcher uses this output to

make inferences about the subject’ s cognitive structures (e.g., mental models, schemata, knowledge
organization).

Psychological scaling methods have been widely used to conduct cognitive task analyses. The
methods are relatively easy to execute because the subject or expert does not have to devote copious
amounts of time and the analyses are run on statistical packages. In addition, they purportedly
Mmeasure cognitive organization that is deep and difficult to verbalize. However, many researchers
have come to realize that the methods are highly questionable. Thisis primarily because of the large
number of subjective judgments that are made by the researcher, beginning with the subject’ s actual
cognitions and ending with the researcher’ sfinal depiction of those cognitions (Redding, 1989).
Consequently, these methods are best utilized in conjunction with other CTA methods.
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Summarv of M ethods

Verbal protocol analysisisthe most comprehensive and direct method for eliciting and analyzing a
person’scognitivetask performance. It yields an almost uninterrupted, sequential, stream of thought
that can reveal aperson’s knowledge, skills, and strategies used in a given task domain. It alsoisthe
most resource-intensive, requiring careful and time-consuming analyss.

The Critical Decision Method is useful for eliciting an expert’s knowledge and skills, especially those
that are tacit and unavailable for direct verbalization. It isthe only method that uses an actual series
of eventsto retrieve the expert’s behavior. If the expert’s memory is good, and can be corroborated
by other sources, then the method can provide a direct and unique elicitation of the expert’s deep
cognitions. If the expert’s memory is bad or distorted, then the method fails. However, if the
expert’ srecollection isinaccurate, then the knowledge engineer/researcher might unknowingly make
erroneous conclusions about the expert’ s cognitive structures.

Concept Mapping and conceptual graphs both rely on interviewing techniquesto elicit information
from the subject or expert. Theinformation is used to construct visual representations of the subject’s
cognitive approach to performing thetask. These methods are effective tools for eliciting and
representing cognitive structures. However, the sequence that the subject would follow during actual
performance of the task is omitted, asis the multidimensional and dynamic characteristics of subjects
cognitiveperformance. The methods are effective as long as the representations are viewed as overall
structures that must be accompanied by other methods to provide the omitted cognitive characteristics.

Psychological scaling methods are indirect data collection methods used to uncover subjects cognitive
organizations about a set of concepts. Subjects’ judgments are elicited, transformed, and analyzed
using multivariate statistical procedures. The output is used to infer subjects’ conceptual

organizations. These methods are well-suited to identify clusters of relatively simple concepts.
Inferences beyond subjects’ judgments, however, are questionable and could lead to inaccurate
representationsof subjects’ cognitions. Moreover, the methods do not €licit much information from
the subject, especially compared to the richness that is found in subjects’ cognitions.

Conclusions

The decision to apply one or more of the methods depends upon many factors, such as resource
constraintsand project goals. Ideally, more than one method would always be used, as an attempt to
convergemethods. CDM, for instance, could complement any of the methods, as could
psychological scaling methods. I nterviewing techniques can also complement almost any method.

Or, as suggested earlier, interviewing can be the primary method of knowledge elicitation. In order
to apply them successfully, all the methods require special expertise (Redding, 1989, 1990) because
they are complex and otherwise error-prone.

The methods discussed in this section have been used by various researchers to analyze the cognitive
requirements of tasks. Each method can contribute unique information about a person’s cognitive
structures. However, none of these methods, nor any other CTA method, has been standardized.
Nor have any formal, widely accepted procedures for executing CTA been developed. Nonetheless,
the devel opment and application of these methods demonstrate great progress in incorporating
cognitive requirementsinto routine task analyses. That cognitive requirements were ever omitted is
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quite perplexing, considering that almost al tasks performed by humans require a certain amount of
cognitive resources. Even so-called low-level jobs, such as assembly line work, require a modicum
of decision making effort. It istherefore crucial that cognitive requirements be taken into account
when task requirements are being analyzed.
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